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PREFACE 

TiiEKE  are  brancliea  of  knowledge  wlich  we  beKeve  may  be  better 
acquired  &om  a  silent  teacher  in  a  pleasing  book  than  in  any  more 
formal  way.  Jobn  Knox  was  of  opinion  that  there  ought  to  be  a  school 
in  every  parish,  a  grammar-school  in  every  borough,  a  college  in  every 
city;  so,  we  would  add,  there  ought  to  be  a  "  HoMS  Tutoe"  in  eveiy 
family.  A  book  can  be  listened  to  or  not,  at  will.  Its  instructions  are 
not  forced ;^  th^efore,  they  aie  the  more  agreeable:  it  makes  no  one 
pedantic — ^for  pedantry  is  a  fungus  of  the  school  desk,  where  an  exagge- 
rated importance  is  apt  to  be  given  to  small  portions  g£  attainment, 
while  treatises  such  as  this  volume  contains,  both  comprehensive  and 
broad  of  view,  convey  no  flattering  impf;}a3io|ifi  to  self-importance,  but 
suggest  rather  that  humility  which  UiQ;^|it?^Nt^On  cq^ssed  in  presence 
of  the  great  ocean  of  truth.  .*  .  /  ,-  ' . .' ,  j    \^^ 

It  is  not  too  much  to  say  that  t^e  ju^scnt  .t^s  demand  from  every 
intelligent  member  of  society  an  acqi&ft^^j{^;fi^iLh  the  leading  facts,  at 
least,  of  the  subjects  of  study  presented  to  the  reader  in  this  Volume. 
A  great  deal  of  social  science,  and  therefore  of  social  happiness,  is 
connected  with  the  truths  of  Natueal  Philosopht  and  the  Physical 
HisTOET  OP  Mankind.  They  know  but  little  indeed  of  God*s  great 
works  in  animated  nature  who  are  ignorant  of  Zoology.  Who  can 
rightly  appreciate  the  past  that  cannot  read  in  the  great  earth-tablets 
of  Geology  the  growth  and  development  of  the  world  we  live  in  ?  Who 
can  form  any  enlarged  notions  of  the  existing  frame  of  nature,  whose 
eyes  are  not  opened  to  the  wonders  of  Celestial  and  Teeeesteial 

PUENOMENA  ? 


IV  PREFACE. 

These  important  subjects  are,  in  the  following  pages,  treated  with  a 
view  to  the  principle  enunciated  by  Pope — 

^  Men  must  be  tanght  as  if  yon  tanght  them  not. 
And  things  nnknown  proposed  as  things  forgot." 

We  have  striven  to  interest  the  affections,  the  sentiments,  and  the  ima- 
gination with  Nature's  living  facts,  which  are  in  themselves  more  full  of 
entertainment  than  all  the  fictions  that  fancy  ever  devised.  Indeed,  we 
think  it  is  something,  at  the  present  day,  to  offer  a  solid  counter- 
cihann  to  that  ephemeral  literature  over  which  so  many  young  persons 
waste  their  brief  leisure — a  leisure  that,  rightly  turned  to  account,  with 
the  help  of  our  "  Home  Tutoe,"  would  render  them  more  fit  for  the 
serious  business  of  life. 

Writers  of  the  highest  eminence  in  the  different  departments  of 
knowledge  treated  in  this  Book  have  laboured  to  render  each  subject 
attractive,  without  sacrificing  that  solid  character  which  sound  Elnow- 
ledge,  to  be  of  any  value,  must  ever  present  to  the  thoughtful  intellect. 
They  have  endeavoured  to  meet  the  wants  of  parents  in  the  ordinary 
duties  of  Home  Education — to  excite  a  love  of  information  in  the  unin- 
formed— ^to  supply  the  needs  of  partially  educated  students — and  to 
provide  a  Volume  which  can  be  conscientiously  recommended  to  all 
who  aim  at  self-culture,  ttnd  seek  to  attain  it  with  the  smallest  possible 
expenditure  of  time  and  mental  labour. 
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NATUEAL     PHILOSOPHY: 

BY  PROFESSOR  DRAPER. 


INTEODFCTION. 

The  main  object  of  a  teacher  should  be  to  communicate  a  clear  and  general 
view  of  the  great  features  of  his  science,  and  to  do  this  in  an  agreeable  and 
short  manner.  It  is  too  often  forgotten  that  the  beginner  knows  nothing ; 
and  the  first  thing  to  be  done  is  to  awaken  in  him  an  interest  in  the  study, 
and  to  present  to  him  a  view  of  the  scientific  relations  of  those  natural  objects 
with  which  he  is  most  familiar.  When  his  curiosity  is  aroused,  he  will 
readily  go  through  things  that  are  abstract  and  forbidding ;  which,  had 
they  been  presented  at  first,  would  have  discouraged  or  perhaps  disgusted 
him. 

I  am  persuaded  that  the  superficial  knowledge  of  the  physical  sciences 
which  so  extensively  prevails  is,  in  the  main,  due  to  the  course  commonly 
pursued  by  teachers.  The  theory  of  Forces  and  of  Equilibrium,  the  laws 
and  phenomena  of  Motion,  are  not  things  likely  to  allure  a  beginner ;  but 
there  is  no  one  so  dull  as  to  fail  being  interested  with  the  wonderful  efiects 
of  the  weight,  the  pressure,  or  the  elasticity  of  the  air.  It  may  be  more 
consistent  with  a  rigorous  course  to  present  the  sterner  features  of  science 
first ;  but  the  object  of  instruction  is  more  certainly  attained  by  offering  the 
agreeable. 

There  are  two  different  methods  in  which  Natual  Philosophy  is  taught : — 
1st,  As  an  experimental  science ;  2nd,  As  a  branch  of  mathematics.  Each 
has  its  own  peculiar  advantages ;  and  the  public  teacher  will  follow  the  one 
or  the  other,  according  as  it  is  his  aim  to  store  the  mind  of  his  pupil  with  a 
knowledge  of  the  great  facts  of  Nature,  or  only  to  give  it  that  drilling  which 
arises  from  geometrical  pursuits.  From  an  extensive  comparison  of  the 
advantages  of  these  systems,  I  believe  that  the  proper  course  is  to  teach 
physical  science  experimentally  first — a  conviction  not  only  arising  from 
considerations  respecting  the  constitution  of  the  human  mind,  the  amount  of 
mathematical  knowledge  which  students  commonly  possess,  but  also  from 
the  history  of  these  sciences.  Why  is  it  that  the  most  acute  mathematicians 
and  metaphysicians  the  world  has  ever  produced  for  two  thousand  years 
made  so  little  advance  in  knowledge  ?  and  why  have  the  last  two  centuries 
produced  such  a  wonderful  revolution  in  human  affairs  ?  It  is  from  the 
lesson  first  taught  by  Lord  Bacon,  that,  so  liable  to  fallacy  are  the  operations 
of  the  intellect,  experiment  must  always  be  the  great  engine  of  human  dis- 
covery,— ^and,  therefore,  of  human  advancement. 

John  William  Dhapee. 
♦  The  sections  throughout  this  Treatise  with  brackets  are  by  the  Emor, 


NATURAL  PHILOSOPHY.— ELEMENTARY  PRINCIPLES. 

Chaptee  I. 

PkoI^erties  of  Mattek. — The  Three  Forms  of  Matter — Vapours — The 
distinctive,  essential,  and  accessory  properties — Extension — Impenetra- 
hility —  Unchangeahility — Illustrations  of  Extension — Methods  of  measure 
ing  small  spaces — The  Spherometer — Illustration  of  Impenetrability — The 
Diving  Bell — Tlie  accessory  properties  of  Matter — Compressibility — 
Expansibility — Elasticity — Limit  of  Elasticity — Illustrations  of  Divisi- 
bility— Porosity  and  interstitial  spaces —  Weight, 

Mateetal' substances  present  themselves  to  us  under  three  diflferent  condi- 
tions. Some  have  their  parts  so  strongly  attached  to  each  other  that  they 
resist  the  intrusion  of  external  bodies,  and  can  retain  any  shape  that  may  be 
given  them.  These  constitute  the  group  of  Solids.  A  second  class  yields 
readily  to  pressure  or  movement,  their  particles  easily  sliding  over  one 
another;  and  from  this  extreme  mobility  tney  are  unable  of  themselves  to 
assume  determinate  forms,  but  always  copy  the  shape  of  the  receptacles  or 
vessels  in  which  they  are  placed — ^thej-  are  Liquids,  A  third,  yielding  even 
more  easily  than  the  foregoing,  thin  and  aerial  in  their  character,  and 
marked  by  the  facility  with  which  they  may  be  compressed  into  smaller  or 
dilated  into  larger  dimensions,  give  us  a  group  designated  as  Gases.  Metals 
may  be  taken  as  examples  of  the  first ;  water  as  the  type  of  the  second ;  and 
atmospheric  air  of  the  third  of  these  states  or  conditions,  which  are  called 
"  the  theee  foems  of  bodies." 

In  some  instances  the  same  substance  can  exhibit  all  three  of  these  forms. 
Thus,  when  liqtiid  water  is  cooled  to  a  certain  degree,  it  takes  on  the  solid 
condition,  as  ice  or  snow ;  and  when  its  temperature  is  sufBcientiy  raised,  it 
assumes  the  gaseous  state,  and  is  then  known  as  steam.  Writers  on  Natural 
Philosophy  have  found  it  convenient,  for  many  reasons,  to'mtroduce  the  term 
Vapours,  meaning  by  that  a  gas  placed  imder  such  circumstances  that  it  is 
ready  to  assume  tne  liqtdd  state.  As  the  steam  of  water  conforms  to  tiiis 
ooncution,  it  is  therefore  regarded  as  a  vapour. 

Under  whichever  of  these  forms  material  substances  are  presented,  they 
exhibit  certain  properties — ^these  are,  first,  Distinctive ;  second,  Essential ; 
third,  Accessory. 

There  is  a  certain  bright  white  metal  passing  under  the  name 
of  Potassium,  the  distinctive  character  of  which  is,  that,  when 
thrown  on  the  surface  of  water,  it  gives  rise  to  a  violent  re- 
action, a  beautiful  violet-coloured  fiame  being  evolved.  A 
pific«  of  lead,  which  to  external  appearance  is  not  unlike  the 
potassium,  when  brought  in  contact  with  water  exhibits  no 
8Uoh  phenomenon,  but,  as  every  one  knows,  remains  quietiy, 
neither  disturbing  the  water  nor  being  acted  upon  by  it.  Piff*  !• 

Such  distinctive  qualities  are  the  objects  of  a  chemist's  studies.  It  belongs 
to  his  science  to  show  how  some  gases  are  coloured  and  others  colourless ; 
some  supporters  of  combustion,  while  others  extinguish  burning  bodies ; 
how  some  liauids  can  be  decomposed  by  voltaic  batteries  and  some  by  expo- 
sure to  a  rea  heat.    The  general  doctrines  of  affinity,  the  modes  in  wMch 
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bodies  combine,  and  the  characters  of  the  products  to  which  they  give  rise 
^-all  these  belong  to  Chemistry. 

But  beyond  these  distinctive  qualities  of  bodies,  there  are,  lis  has  been 
observed,  certain  other  properties  which  are  uniformly  met  witli  in  all  bodies 
whatever,  and  hence  are  spoken  of  as  essential.    They  are, 

Extension. 

Impenetrability. 

Unchangeability. 

By  EXTENSION  we  mean  that  all  substances,  whatever  their  volume  or 
figure  may  be,  occupy  a  determinate  portion  of  space.     We  measure  them 
by  three  dimensions — length,  breadth,  and  thickness. 
Impenetkability  points  out  the  fact  that  two  bodies  cannot  occupy  the 
-— ^  same  space  at  the  same  time.    If  a  nail  is  driven  into 

wood,  it  enters  onlj^  by  separating  the  woody  particles 
from  each  other ;  if  it  lie  dropped  into  water,  it  ooes  not 
penetrate,  but  displaces  the  watery  particles :  and  even 
in  the  case  of  aerial  bodies,  through  which  masses  can 
move  with  apparently  little  resistance,  the  same  observa- 
tion holds  good.    Thus,  if  we  take  a  wide-mouthed  bottle, 
fl,  Fig.  2,  and  insert  through  its  cork  a  funnel,  b,  with  a 
narrow  neck,  and  also  a  bent  tube,  c,  which  dips  into  a 
glass  of  water,  «?,  on  pouring  any  liquid  into  the  funnel,  so  that  it  may  fSedl, 
£op  by  drop,  into  the  bottle,  we  snail  find,  as  this  takes  place,  that  air 
;  out,  bubble  after  bubble,  through  the  water  in  d.    The  air  is,  there- 


Fig.  3. 


Fig.  2. 


fore,  not  penetrated  by  the  water,  but  displaced. 

The  same  fact  may  also  be  proved  by  taking  a  cupping- 
glass,  a.  Fig.  3,  and  immersing  it,  mouth  downwards,  in 
a  glass  of  water,  b.  If  the  aperture,  c,  of  the  cupping- 
glass  be  left  open,  the  air  will  rush  out  through  it,  and 
now  in  below :  but  if  it  be  closed  by  the  finger,  as  the 
air  can  now  no  longer  escape,  the  water  is  unaWe  to  enter 
and  occupy  its  place. 

Similar  experiments  establish  the  impene- 
trability of  liqtdds  bv  solids.  If  in  a  glass  of 
water,  Fig.  4,  a  leaien  bullet  is  immersed, 
it  will  be  seen  that  as  the  bullet  is  introduced  the  water  rises 
to  a  higher  level,  showing,  therefore,  that  a  liquid  can  no 
more  be  penetrated  by  a  soEd  than,  as  was  seen  in  the  former 
experiment,  can  a  gas  by  a  liquid.  Two  bodies  cannot  occupy 
the  same  space  at  the  same  time. 
The  third  essential  property  of  matter  is  its  tjnchange- 
^'  ^*  ability.  This  properly  may  be.  looked  upon  as  the  founda- 
tion  of  Chemistry ;  and  though  there  are  many  phenomena  which  we 
constantly  witness  which  seem  to  contradict  it,  they  form,  when  properly 
oongidered,  strikingjillustrations  of  the  great  truth  that  material  substances  can 
neither  be  created  nor  destroyed ;  and  that  the  distinctive  qualities  which  ap- 
pertain to  them  remain  forever  unchanged.  The  disappeaarance  of  oil  in  the 
oombustion  of  lamps,  the  burning  away  of  coal,  the  evaporation  of  water, 
when  minutely  examined,  far  from  proving  the  perishability  of  matter,  afford 
the  most  striking  evidence  of  its  duration.    Nor  is  a  solitaxy  iAA\>'^si^'9m.m 
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the  whole  range  of  Chemistry,  Natural  Philosophy,  or  Physiology,  which 
lends  the  remotest  countenance  to  the  opinion  tnat,  either  by  slow  lapse  of 
time  or  by  any  artificial  processes  whatever,  can  matter  be  created,  changed, 
or  destroyed.  Even  the  bodies  of  men  and  animals,  the  structures  of  plants, 
and  all  other  objects  in  the  world  of  organization,  which  seem  characterised 
by  the  facility  with  which  they  undergo,  unceasing  and,  eventually,  total 
change,  are  no  exceptions  to  the  trutia  of  ^this  observation.  The  bodies 
which  we  possess  to-day  are  made  up  of  particles  which  have  formed  the 
•  bodies  of  other  animals  in  former  times,  and  which  will  again  discharge  the 
some  duty  for  races  that  will  hereafter  come  into  existence. 

As  illustrations  connected  with  the  extension  and  impenetrability  of 
matter,  I  may  give  the  following  instances : 

We  are  frequently  required  to  measure  the  dimensions  of  bodies ;  that  is, 
to  determine  their  length,  breadth,  or  thickness.  It  is  a  much  more  difficult 
thing  to  do  this  accurately  than  is  commonly  supposed.  It  requires  an  artist 
of  the  highest  sHLl  to  make  a  measure  which  is  a  foot  or  a  yard  in  length, 
or  which  shall  contain  precisely  a  pint  or  a  gallon.  With  a  view  of  facili- 
tating the  measurement  of  bodies,  a  great  many  contrivances  have  been  in- 
vented, such  as  vemiera,  spherometers,  and  screw  machines  of  different  kinds. 

The  spherometer,  which  is  a  beautiful  contrivance  for  measuring  the 
thickness  of  bodies,  is  constructed  as  follows :  It  has  three  horizontal  steel 
branches,  a,  5,  c,  Fig.  5,  which  form  with  each  other  angles  of  120  degrees. 
From  the  extremities  of  these  branches  there  proceed  three  delicate  steel  feet, 
d,  e,  /,  and  through  the  centre,  where  the  branches  unite,  a  screw,  ^,  the 
thread  of  which  is  cut  with  great  precision,  and 
which  terminates  in  a  pointed  foot,  t,  passes. 
The  head  of  this  screw  carries  a  divided  circle, 
m,  Now,  suppose  the  instrument  is  placed  on 
a  piece  of  flat  glass,  it  will  be  supported  on  its 
three  feet,  wmch  are  all  in  the  same  plane; 
but  if  in  turning  the  screw  we  depress  its  point, 
if  beneath  the  plane  of  its  feet,  it  can  no  longer 
stand  with  stability  on  the  glass,  but  totters 
when  it  is  touched,,  and  emits  a  rattling  sound. 
By  altering  the  screw,  therefore,  we  can  give  it 
such  a  position  that  both  by  the  finger  and  the 
ear  we  discover  that  its  pomt  is  level  with  the 
points  dy  e,  /.  Now  let  the  object,  the  thick- 
ness of  which  is  to  be  measured,  be  placed  on  the 
glass,  and  the  screw  turned  until  the  instrument  Fig.  5. 

stands  without  tottering ;  it  is  obvious  that  its 

point  must  have  been  lifted  through  a  distance  precisely  equal  to  the  thick- 
ness of  the  object  to  be  measured,  and  the  movement  of  the  hfead  of  the 
screw,  read  off  upon  the  scale  w,  against  which  it  works,  indicates  what  that 
thickness  is. 

This  instrument,  therefore,  serves  to  show  that  in  the  measurement  of 
small  spaces,  the  [senses  of  touch  and  hearing  may  often  be  resorted 
to  with  more  effect^  than  the  eye.  The  spherometer  is  here  introduced 
in  connection  with  these  general  considerations  respecting  the  extension  of 
matter,  as  affording  the  student  an  illustration  of  the  delicate  methods  we 
possess  of  determining  the  minutest  dimensions  of  bodies. 
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As  an  illastration  of  tlie  impenetrability  of  matter,  the  machine  which 
passes  xmder  the  name  of  the  diving-bell  may  be  mentioned.  It  consists  of 
a  vessel,  a  a,  Fig.  6,  of  any  suitable  shape,  and  heavy 
enough  to  sink  in  water  when  plunged  with  its  mouth 
downward.  Owing  to  the  impenetrability  of  the  air, 
the  water  is  excluded  from  the  interior,  or  only  finds 
access  to  such  an  extent  as  corresponds  to  the  press.ure 
of  the  depth  to  which  it  is  sunk.  Light  is  admitted  to 
the  beU  through  thick  pieces  of  glass  in .  its  top,  and  a 
constant  stream  of  fresh  air  thrown  into  it  from  a  tube, 
h^  and  forcing-pump  above,  the  atmosphere  in  the 
inside  being  suffered  to  escape  through  a  stop-cock  as 
it  becomes  vitiated  by  the  respiration  of  the  work- 
men. Diving-bells  are  extensively  resorted  to  in  sub- 
marine architecture,  and  for  the  recovery  of  treasure 
lost  in  the  sea. 

Having  disposed  of  the  essential,  we  pass  next  to  a  consideration  of  the 
accessory  properties  of  matter.     They  are, — 


Fig.  6. 


Compressibility. 
Diyisibility. 


Expansibility. 
Porosity. 


Elasticity, 
Weight. 


That  substances  of  all  the  three  forms  are  compressible  is  capable  of  easy 
pfoof.  In  the  process  of  coining,  pieces  of  metal  are  exposea  to  powerful 
pressure  between  the  steel  dies,  so  that  they  become  much  (Tenser  than  before. 
fey  enclosing  water  or  any  other  liquid  in  a  strong  vessel,  and  causing  a 
pison,  driven  by  a  screw,  to  act  upon  it,  it  may  be  reduced  to  a  less  space ; 
an?  gaseous  substances,  such  as  atmospheric  air,  when  enclosed  in  an  india- 
rubber  bag,  or  even  a  bladder,  may  be  compressed  by  the  hands. 

Under  the  influence  of  heat  all  substances  expand.  This  may  be  proved 
for  such  solids  as  metals,  by  the  apparatus  represented  in  Fig.  7.  It  con- 
sists of  a  stout  board,  a,  6,  on  which  are  fastened  two  brass  uprights,  c,  d^ 
with  notches  cut  in  them,  so  as  to  receive  the  ends  of  a  metaUio  bar,  e.  This 
bar  is  slightly  shorter  than  the  whole  distance  between  the  notches,  so 
that  when  it  is  set  in  its  place,  it  can  be  moved     - 


Fig.  7. 


backward  and  forward,  and  emits  a  rattling  sound. 
But  if  boiling  water  be  poured  upon  it,  it  ex- 
pands and  occupies  the  whole  distance,  and^can  no 
longer  be  movea. 

[A  very  simple  manner  of  iUustrating  the  expansion  of  metals  by  heat  is 
showing  the  following  diagram.  A  plate  of  brass  or  other 
metal  is  made  of  the  same  shape  as  the  upper  one  in  the 
above  figure,  and  a  rod  of  metal — ^the  same  kind  as  the 
plate — ^is  fixed  to  a  metal  stem  inserted  in  a  wooden 
handle,  as  d  c.  The  rod  is  made  to  fit  the  hole  6,  and  also 
the  space  a,  between  the  two  ends.  When  the  metallic  rod 
is  plunged  into  hot  water,  or  heated  over  the  flame  of  a 
spirit-lamp,  the  expansion  is  so  great  that  it  becomes  im- 
possible to  pass  the  end  of  the  rod  through  the  hole  h  or 
the  space  a. 
The  expansion  of  hquids  is  well  shown  in  the  case  of  common  ther- 
mometers, which  contain  either  quicksilver  or  spirits  of  wine,  tkoe^  fwStt- 
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Fig.  8. 
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stances  oocnpying  a  greater  volume  as  their  temperature  rises.    The  air- 
thermometer  proves  the  same  thinfi^  for  gases. 

By  elasticify  we  mean  that  quality  by  which  bodies,  when  their  form  has 
been  changed,  endeavour  to  recover  tlieir  original  shape.  In  this  respect 
there  ore  great  differences.  Steel,  ivory,  india-rubber,  are  highly  elastiic ; 
lead,  putty,  and  clay,  less  so.  Perfectly  elastic  bodies  resist,  tie  action 
of  disturbing  causes  without  any  ulterior  change;  thus,  a  ^uanti^  of 
atmospheric  air,  compressed  into  a  copper  globe,  recovers  its  original  volume 
as  soon  as  the  pressure  is  removed,  tnough  it  may  have  been  shut  up  for 
years.  By  the  limit  of  elasticity  we  mean  the  smallest  force  which  is 
required  to  produce  a  permanent  disturbance  in  the  structure  of  an  imper- 
fectly elastic  body.  No  solid  is  perfectly  elastic.  An  iron  wire,  drawn  a 
little  aside,  recovers  its  original  straightness ;  but  if  more  violently  bent, 
it  takes  a  permanent  set,  because  its  limit  of  elasticity  is  overpassed. 
The  elasticity  of  a  given  substance  can  often  be  altered  by  mechanical 
processes,  such  as  by  hammering,  or  by  heating  and  cooling,  as  in  the 
process  of  tempering. 

The  divisibility  of  matter  may  be  proved  in  many  ways.  By  various 
mechanical  processes,  metals  may  often  be  reduced  to  an  extreme  degree  of 
tenuity ;  thus  it  is  said,  that  gold-leaf  may  be  beaten  out  until  it  is  only 
fto<feoo  of  an  inch  thick.  By  chemical  experiments,  a  grain  of  copper  or  of 
iron  may  be  divided  into  many  millions  of  parts.  For  certain  purposes 
artists  have  ruled  parallel  lines  upon  glass,  with  a  diamond  point,  so  close 
to  each  other,  that  ten  thousand  are  contained  in  a  single  inch.  The  odours 
which  are  exhaled  by  strong-smelling  perfumes,  as  musk,  will  for  years 
together  infect  the  air  of  a  large  room,  and  yet  the  loss  of  weight  by  the 
musk  is  imperceptible.  Again,  there  are  animals  whose  bodies  are  so  minute, 
that  they  can  only  be  seen  by  the  aid  of  the  microscope.  The  siliceous  cells 
of  such  infusorials  occur  in  many  parts  of  the  earth  as  fossils.  Ehrenberg 
has  shown  that  tripoli,  a  mineral  used  in  the  arts,  is  made  up  of  these—a 
single  cubic  inch  of  it  containing  about  forty-one  thousand  millions — ^thatis, 
about  fifty  times  as  many  individuals  as  there  are  of  human  beings  on  the 
face  of  the  globe. 

As  substances  of  all  kinds  maybe  reduced  to  smaller  dimensions,  either  by 
pressure  or  the  influence  of  cold,  and  as  it  is  impossible  for  two  particles  to 
occupy  the  same  place  at  the  same  time,  or  even  for  one  of  them  partially  to 
encroach  on  the  position  occupied  by  the  other,  it  necessarily  follows  tiiat 
there  must  be  pores  or  interstices  even  in  the  densest  bodies. 

[The  annexed  diagram  will  illustrate  the  interstitial  spaces 
between  the  atoms  of  bodies,  and  this  may  be  further  demon- 
strated by  the  following  simple  experiment :  Place  marbles  in 
a  jar  until  it  will  not  hold  any  more,  and  you  will  find  that 
there  are  spaces  between  the  marbles,  because  you  inay  after- 
Fig.  9.       wards  add  shot  and  sand,  and  finally  water.] 

Thus  quicksilver  will  readily  soak  into  the  pores  of  gold,  and  gases  ooze 
through  india-rubber.  Writers  on  Natural  Philosophy  usually  restrict  the 
term  "pore"  to  spaces  which  are  visible  to  the  eye,  and  designate  those 
minute  distances  which  separate  ike  ultimate  particles  of  bodies  by  the  term 
"interstices." 

All  bodies  have  weight  or  gravity.  It  is  this  which  causes  them  to  fall, 
when  unsupported,  to  the  ground;  or  when  supported,  to  exert  pressure 
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tLpon  tlie  supporting  body.  Kor  is  tHs  property  limited  to  terrestrial  objects ; 
for  in  the  same  way  tiiat  an  apple  tends  to  fall  to  the  earth,  so  too  does  the 
moon ;  and  all  the  planets  gravitate  toward  each  other  and  toward  the  sim. 
It  was  the  consideration  of  this  principle  that  led  M.  Leverrier  to  the  dis- 
covery of  a  new  planet  beyond  Uranus — this  latter  star  being  evidently 
disturbed  in  its  movements  by  the  influences  of  a  more  distant  body  hitherto 
unknown. 


CHAPTER     II. 

PHYSICAL  POECES. 


Attractive  and  Repulsive    Forces — Molecular    Attraction — Gravitation — 
Cohesion — Constttution  of  Matter, 

Aix  changes  taking  place  in  the  system  of  nature  are  due  to  the  operation 
of  forces.  The  attractive  force  of  the  earth  causes  bodies  to  fall,  and  a 
similar  agency  gives  rise  to  the  shrinking  of  substances— their  parts  coming 
closer  togjBilier  when  they  are  exposed  to  the  action  of  cold.  In  like  manner, 
when  an  ivory  ball  is  suffered  to  drop  on  a  marble  slab,  its  particles,  which 
have  been  driven  closer  to  one  another  by  the  force  of  the  blow,  instantly 
•recover  their  original  positions  by  repelling  one  another ;  that  is  to  say, 
through  the  agency  of  a  repulsive  force.  Of  the  nature  of  forces  we  know 
nothi]^.  Their  existence  only  is  inferred  from  the  effects  they  produce ; 
and  according  to  the  nature  of  those  effects,  we  divide  them  into  Attbactive 
and  Repulsive  foeces — ^the  former  tending  to  bring  bodies  closer  together, 
the  latter  to  remove  them  further  apart. 

It  has  been  found  convenient  to  divide  attractive  forces  into  three  groups, 
according  as  the  range  of  their  action  or  the  circumstances  of  their  develop- 
ment differ.  When  the  attractive  influence  extends  only  to  a  limited  space, 
it  is  spoken  of  as  molecular  attraction  ;  but  the  attraction  of  gravitation  is 
felt  throughout  the  regions  of  space.  By  cohesion  is  meant  an  attractive 
influence  called  into  existence  when  bodies  are  brought  to  touch  one  another. 
It  is  to  be  understood  that  these  are  only  conventional  distinctions ;  and  it  is 
not  improbable  that  all  the  phenomena  of  attraction  are  due  to  the  agency  of 
one  common  cause. 

Chemists  have  shown  that,  in  all  probability,  material  substances  are 
constituted  upon  one  common  type.  They  are  made  up  of  minute,  indivisible 
particles,  called  atoms,  which  are  arranged  at  variable  distances  from  each 
other.  These  distances  are  determined  by  the  relative  prevalence  of  attrac- 
tive and  repulsive  forces,  resident  in  or  among  the  particles  themselves;  and 
80  too  is  the  form  of  the  resulting  mass.  If  the  cohesive  predominates  over 
the  repulsive  force,  a  solid  body  is  the  result ;  if  the  two  are  equal,  it  is  a 
Ugoid;  and  if  the  repplsive  prevails,  it  is  a  gas. 

There  are  many  reasons  wnioh  lead  us  to  suppose  that  the  repulsive  force, 
which  thus  tends  to  keep  the  particles  of  matter  asunder,  is  the  agent  other- 
wise known  as  heat.  Whenever  the  temperature  of  a  body  rises,  it  enlarges 
in  volume,  because  its  constituent  particles  move  from  each  other,  and  on 
the  temperature  fiEdling,  the  reverse  effect  ensues.    If,  as  many  very  emixL<ss^ 


10  THE  HOHE  TUTOB. 

pliiloeopliers  belieye,  lieat  and  light  are  in  realihr  the  same  agent,  it  follows, 
OT  a  necessary  consequence,  as  will  be  gatherea  from  what  we  shall  here- 
after have  to  say  on  optics,  that  the  atoms)  of  bodies  vibrate  unceasingly, 
and  that  instead  of  there  being  that  perfect  acquiescence  among  them  which 
a  superficial  examination  suggests,  all  material  substances  are  the  seat  of 
oscillatory  movements,  many  millions  of  which  are  executed  in  the  space  of 
a  single  second  of  time :  the  number  increasing  as  the  temperature  rises,  and 
diminishing  as  it  falls. 


CHAPTER  III. 

OBSEEVATIONS  ON  NATTJEAL  PHILOSOPHT. 

PxETJMATics. — General  Relations  of  the  Air — Its  connection  with  Motion  and 
Organization — Limited  Extent —  Constitution —  Compressibility — Causes 
which  Limit  the  Atmosphere — Its  Variable  Densities — Proportionality  of 
its  Elastic  Force  and  Pressure, 

A  VEET  superficial  knowledge  of  those  parts  of  the  world  to  whidli  man  has 
access,  readily  leads  to  their  classificaton  under  three  separate  heads — the 
Air,  the  Sea,  and  the  solid  Earth.  This  was  recognised  in  the  infancy  of 
science ;  for  the  four  elements  of  antiquity  were  the  divisions  which  we  have* 
mentioned,  and  Fire. 

Nattjeal  Philosophy  or  Physical  Science,  which,  in  its  extended 
acceptation,  means  the  study  of  all  the  phenomena  of  the  material  world, 
may  commence  its  investigations  with  any  objects  or  any  facts  whatever. 
By  pursuing  these,  in  their  consequences  and  connections,  all  the  discoveries 
which  the  human  mind  has  made  in  this  department  of  knowledge  might 
successively  be  brought  forward.  But  when  we  are  left  to  select  at  pleasure 
our  point  of  commencement,  it  is  best  to  follow  the  most  natural  and  obvious 
course.  All  the  advances  made  in  our  times  by  the  most  eminent  philoso- 
phers, and  our  powers  of  appreciating  and  imderstanding  them,  depend  on 
clearness  of  perception  of  the  great  fundamental  facts  of  science — a  perspicuity 
which  can  never  arise  from  mere  abstract  reasonings  or  from  the  unaided 
operations  of  the  human  intellect,  but  which  is  the  natural  consequence  of  a 
familiarity  with  absolute  facts.  These  serve  us  as  our  points  of  departure, 
and  in  the  more  difficult  regions  of  science  they  are  our  points  of  reference — 
often  by  their  resemblances,  and  even  by  their  differences,  making  plain 
what  would  otherwise  be  incomprehensible,  and  spreading  a  light  over  what 
would  otherwise  be  obscure. 

In  the  three  divisions  of  material  objects,  which  are  so  strikingly  marked 
out  for  us  by  Nature,  we  find  traits  tnat  are  eminently  characteristic.  All 
our  ideas  of  permanence  and  duration  have  a  convenient  representation  in 
the  solid  crust  of  the  earth,  the  mountains,  and  valleyis,  and  shores  of  which 
retain  their  position  and  features  unaltered  for  centuries  together.  But  the 
air  is  the  very  type  and  emblem  of  variety,  and  the  direct  or  indirect  source 
of  almost  every  motion  we  see.  It  scarce  ever  presents  to  us,  twice  in  suc- 
cession, the  same  apj^earanoe ;  for  the  winds  that  are  continually  traversing 
it  are,  to  a  proverb,  inconstant,  and  the  clouds  that  float  in  it  exhibit  every 
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possible  colour  and  shape.  It  is,  in  reality,  the  grand  origin  or  seat  of  all 
kinds  of  terrestrial  motions.  Storms  in  the  sea  are  the  consequences  of  storms 
in  the  air,  and  even  the  flowing  of  rivers  is  the  result  of  changes  that  have 
transpired  in  the*  atmosphere. 

But  the  interest  connected  with  it  is  far  from  ending  here.  The  atmosphere 
is  the  birthplace  of  all  those  numberless  tribes  of  creation  which  constitute 
the  vegetable  and  animal  world.  It  is  of  materials  obtained  from  it  that 
plants  form  their  different  structures,  and  therefore  from  it  that  all  animals 
indirectly  derive  their  food.  It  is  the  nourisher  and  supporter  of  life,  and 
in  those  .processes  of  decay  which  are  continually  taking  place  during  the 
existence  of  all  animals,  and  which  after  death  totally  resolve  their  bodies 
into  other  forms,  the  air  receives  the  products  of  those  putrefactive  changes, 
and  stores  them  up  for  future  use.  And  it  is  one  of  the  most  splendid  dis- 
coveries of  our  times,  that  these  very  products  which  arise  from  the  destruc- 
tion of  animals  are  those  which  are  used  to  support  the  life  and  develop  the 
parts  of  plants.  They  pass,  therefore,  in  a  continual  circle — now  belonging 
to  the  vegetable,  and  now  to  the  animal  world ;  they  come  from  the  air,  and 
to  it  they  again  are  restored. 

It  id  not,  therefore,  the  beautiful  blue  colour  which  the  air  possesses,  and 
which  people  commonly  caU  the  sky,  or  the  points  of  light  which  seem  to  be 
in  it  at  night,  or  the  moving  clouds  which  overshadow  it  and  give  it  such 
varied  and  fantastic  appearances,  or  even  those  more  imposing  relations  which 
bring  it  in  connection  with  the  events  of  life  and  death,  which  alone  invest  it 
with  a  peculiar  claim  on  the  attention  of  the  student.  Connected  as  it  is 
with  the  commonest  of  every-day  facts,  it  furnishes  us  with  some  of  our  most 
appropriate  illustrations — ^those  simple  facts  of  reference  of  which  I  have 
already  spoken,  and  to  which  we  involuntarily  turn  when  we  come  to  inves- 
tigate the  mere  difficult  natural  phenomena. 

Astronomical  considerations  show  that  the  atmosphere  does  not  extend  to 
an  indefinite  region,  but  surrounds  the  earth  on  all  sides  to  an  altitude  of 
about  fifty  miles.  Compared  with  the  mass  of  the  earth  its  volume  is  quite 
insignificant ;  for  as  it  is  nearly  four  thousand  miles  from  the  surface  to  the 
oen^  of  the  earth,  the  whole  depth  of  the  atmosphere  is  only  about  one- 
eightieth  part  of  that  distance.  Upon  a  twelve-inch  globe,  if  we  were  to 
place  a  representation  of  the  atmosphere,  it  would  have  to  be  less  than  the 
tenth  of  an  inch  thick. 

Seen  in  small  masses,  atmospheric  air  is  quite  colourless  and  perfectly 
transparent.  Compared  with  water  and  solid  substances,  it  is  very  light. 
Its  parts  move  among  one  another  with  the  utmost  facility.  Cnemists 
have  preved  that  it  is  not,  as  the  ancients  supposed,  an  elementary  body, 
but  a  mixture  of  many  other  substances.  It  is  enough  at  present  for 
us  to  know  that  its  leading  constituents  are  two  gases,  which  exist  in  it 
in'  fixed  quantities — they  are  oxygen  and  nitrogen — but  other  essential 
ingredients  are  present  in  a  less  proportion,  such  as  carbonic  acid  gas,  and 
the  Taponr  of  water. 

Atmospheric  air  is  taken  by  natural  philosophers  as  the  type  of  all  gaseous 
bodies,  because  it  possesses  their  general  preperties  in  the  utmost  perfection. 
Individual  gases  have  their  special  peculiarities-r-some,  for  example,  are 
yellow,  some  green,  some  purple,  and  some  red. 

The  first  striking  preperty  of  atmospheric  air  which  we  encounter,  is  the 
£un]ity  with  which  the  volume  of  a  given  quantity  of  it  can  be  ohas^E,<^«   '^Xi 
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is  higUy  compressible,  and  perfectly  elastic.  A  quantity  of  it  tied  tightly  up 
in  a  bladder  or  india-rubber  bag,  is  easily  forced  by  the  pressure  of  the 
hand  into  a  less  space.  The  material  properties  of  the  air,  and  its  compres- 
sibility, are  simultaneously  illustrated  oy  the  experiment  of  the  diving-bell, 
described  under  Fig.  6.  A  vessel  forced  with  its  mouth  downward  under 
water,  permits  the  water  to  enter  a  little  way,  because  the  air  contained  in 
the  vessel  occupies  less  space  under  the  pressure ;  but  as  soon  as  the  vessel 
is  again  brought  to  the  surface  of  the  water,  the  air  within  it  expands  to  its 
original  bulk. 
This  ready  compressibility  and  expansibility  maybe  shown  in  many  other 
ways.  Thus,  if  we  take  a  glass  tube.  Fig,  10,  with  a  bulb,  6,  at 
its  upper  end,  the  lower  end  being  open  and  dipping  into  a  vessel 
of  water,  c,  and  having  previously  partially  filled  tiie  tube  with 
water  to  the  height,  a,  it  will  be  found,  on  touching  the  bulb 
with  snow^  or  by  pouring  on  it  ether,  or  by  cooling  it  in  any 
manner,  that  the  included  air  collapses  into  a  less  bulk.  It  is, 
therefore,  compressible,  and  on  warming  the  bulb  with  the  palm 
of  the  hand,  the  air  is  at  once  dilated. 

It  is  this  quality  of  easy  expansibility  and  compressibility 
which  distinguishes  all  gaseous  substanC/Cs  from  solids  and 
liquids.  It  is  true  the  same  property  exists  in  them,  but  then 
it  is  to  a  far  less  degree.  On  the  hypothesis  that  material  bodies 
Fig.  10.  are  formed  of  particles  which  do  not  touch  one  another,  but  are 
maintained  by  attractive  and  repulsive  forces  at  determinate  distances,  it 
would  appear  that,  in  a  gas  like  atmospheric  air,  the  repulsive  quality  pre- 
dominates over  the  attractive ;  while  in  solids  the  attractive  force  is  the  most 
powerful,  and  in  liquids  the  two  are  counterbalanced. 

Again,  as  respects  relative  weight,  the  gases,  as  a  tribe,  are  by  far  the 
lightest  of  bodies ;  and,  indeed,  it  is  among  them  that  we  find  the  lightest 
substance  in  Nature — ^hydrogen  gas.  They  are,  moreover,  the  otIj perfectly 
elastic  substances  that  we  know.  Thus  a  quantity  of  atmospheric  air  com- 
pressed into  a  metal  reservoir  wiU  regain  its  original  volume  the  moment  it 
has  the  opportunity,  no  matter  how  great  may  be  the  space  of  time  since  it 
was  first  shut  up. 

Under  a  relaxation  of  pressure  this  perfect  elasticity  displays 
itseK  in  producing  the  expansion  of  gas.  If  a  bladder,  partially 
full  of  atmospheric  air,  be  placed  under  an  air-pump  receiver, 
as  the  pressure  is  removed  it  dilates  to  its  fall  extent,  and  might 
even  be  burst  by  the  elastic  force  of  the  air  confined  within. 
The  force  with  which  this  expansion  takes  place  is  very  well 
displayed  by  putting  the  bladder  in  a  frame  as  shown  in  Fig.  12,  <  ^^ 
and  loading  it  with  heavy  weights ;  as  it  expands  by  the  spring  pj-  n, 
of  the  air,  it  lifts  up  aU  the  weights. 

If  we  were  to  imagine  a  given  volume  of  g£is  placed  in  an  immense  vacoum, 
or  under  such  circumstances  that  no  extraneous  agency  could  act  upon 
it,  it  is  very  clear  that  its  expansion  would  be  indefinitely  great — the  repul- 
sive force  of  its  own  particles  predominating  over  their  attraction,  and  there 
being  nothing  to  limit  their  retreat  from  one  another.  But  when  a  gaseous 
mass  surrounds  a  solid  nucleus,  the  case  is  different— an  expansion  to  a 
determinate  and  to  a  limited  extent  is  the  result.  And  these  are  the  circum- 
stances under  which  the  earth  and  every  planet  surrounded  by  an  elastic 
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atmLOtsphere  exists ;  for  in  the  same  way  that  otir  globe  compels  an  nnsupported 
body  to  fall  to  its  surface,  and  makes  projectiles,  as  bomb-dhells  and  cannon- 
~  shot — ^no  matter  what  may  have  been  the  velocity  with 

which  they  were  urged — ^return  to  the  ground,  so  the 
same  attractive  force  restrains  the  indefinite  expansion  of 
the  air  and  keeps  the  atmosphere,  instead  of  diffusing 
away  into  empty  space,  imprisoned  all  round. 

Besides  this  cause,  gravitation  to  the  earth,  a  second 
one,  for  the  limited  extent  of  the  atmosphere,  may  also  be 
assigned — contraction,  arising  from  cold.  Observation  has 
shown  that,  as  we  rise  to  greater  altitudes  in  the  air,  the 
Fig.  12.  qqI^  continually  increases ;  and  gases,  in  common  witii  all 
other  forms  of  body,  are  condensed  by  cold.  The  attempt  at  unlimited 
expansion  which  tne  atmosphere,  by  reason  of  its  gaseous  constitution 
exerts,  is  therefore,  kept  in  bounds  by  two  causes — the  attractive  force  of 
the  earthi  and  cold — and  accordingly  its  altitude  does  mot  exceed  fifty  miles. 
From  the  circumstances  that  air  is  thus  a  compressible  body,  we  might 
predict  one  of  the  leading  facts  respecting  the  constitution  of  the  atmosphere 
— it  is  of  unequal  densities  at  different  heights.  Those  portions  of  it  which 
are  down  below  have  to  bear  the  weight  of  the  whole  superincumbent  mass ; 
but  this  weight  necessarily  becomes  less  and  less  as  we  advance  to  regions 
which,  are  hi^er  and  higher ;  for  in  those  places,  as  there  is  less  air  to  press, 
the  pressure  must  be  less.  And  all  this  is  verified  by  observation.  The 
portions  which  rest  on  tiie  ground  are  of  the  greatest  density,  and  the  density 
steadily  diminishes  as  we  nse.  [These  facts  may  be  illustrated  by  the  follow- 
ing siinple  experiment : .  Take  four  bags  of  wool  and  place  them  one  above 
the  ofther.  It  will  then  be  evident  that  the  lowest  bag  is  compressed  by  the 
other  three  above  it,  while  the  bag  that  is  placed  upon  the  top  is  entirely 
uncompressed.  Now,  it  is  thus  with  the  particles  of  wmch  the  air  is  composea, 
for  we  find  that  at  the  earth's  surface  the  air  is  denser  then  on  the  top 
of  a  mountain.]  Moreover  a  Uttle  consideration  wiU  assure  us  that  there 
is  a  very  simple  relation  between  the  pressure  which  the  air  exerts  and 
its  elastic  force.  Consider  the  condition  of  things  in  the  air  immediately 
around  us  :  if  its  elastic  force  were  less,  the  weight  of  the  superincumbent 
mass  would  crush  it  in ;  if  greater,  the  pressure  could  no  longer  restain  it, 
and  it  would  expand.  It  follows,  therefore,  in  the  necessity  of  the  case, 
that  the  elastic  force  of  any  gas  is  neither  greater  nor  less,  but  precisely 
equal  to  the  pressure  which  is  upon  it. 
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WEIGHT  AND  PKESSUEE  OF  THE  AIR. 

Description  of  the  Air-pump — Its  Action — Limited  Exhaustion — Funda- 
mental fact  that  Air  has  Weight — Relative  Weight  of  other  Gases — 
Weight  gives  rise  to  Pressure — Experiments  illustrating  the  Pressure  of 
the  Air, 

Ik  the  year  1560,  Otto  Guericke,  a  German,  invented  the  air-pump,  and 
exhibited  a  number  of  very  striking  experiments  before  the  Emperor 
FerdiiuuDLd  III.    This  incident  forms  an  epoah  in  physical  solenoe* 
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Fig.  13. 


Otto  Guerioke's  instrument  was  imperfect  in  constraction  and  difficult  of 
management.  The  apparatus  required  to  be  kept  under  water.  More  con- 
venient machines  have  therefore 
been  devised.  The  following  is  a 
description  of  one  of  the  most 
simple : — Upon  a  metalie  bans,  h  h, 
Fig.  13,  are  fastened  two  exhaust- 
ing syringes,  a  a,  which  are  worked 
by  means  of  a  handle,  h,  the  two 
screw  columns,  e  e,  aided  by  the 
cross  piece,//*,  tightly  compressing 
them  into  their  places.  A  jar,  c, 
called  a  receiver,  the  mouth  of 
which  is  carefully  ground  true,  is 
placed  on  the  plate  of  the  pump, 
h  A,  which  is  formed  of  a  piece  of 
metal  or  glass  ground  quite  flat. 
This  pump-plate  is  perforated  in  its 
centre,  from  which  air-tight  passages  lead  to  the  bottom  of  each  syringe, 
and  when' the  handle,  6,  is  moved,  the  syringes  withdraw  the  air  from  tiie 
interior  of  the  jar.  From  the  same  central  perforation  there  is  a  third 
passage,  which  can  be  opened  or  closed  by  the  screw  at  ^,  so  that  whaa  the 
experiments  are  over,  by  opening  it,  the  air  can  be  re-admitted  into  the 
interior  of  the  receiver. 

So  far  as  its  exterior  parta  are  concerned,  this  air-pump  consists  of  a  pair 

of  syringes  workea  by  a  handle,  and 
producing  exhaustion  of  the  interior 
of  a  jar,  with  a  vent  which  can  be 
closed  or  opened  for  the  re-admission 
of  air. 

The  syringes  are  constructed  exactly 
alike.  The  glass  model,  represented 
in  Fig.  14,  exhibits  their  interior ; 
each  consists  of  a  cylinder,  a  a,  the 
interior  of  which  is  made  perfectly 
true,  so  that  a  piston,  py  introduced 
at  the  top  may  be  pushed  to  the 
bottom,  and,  indeed,  work  up  and 
down  without  any  leakage.  There 
is  a  hole  made  through  the  piston,  j9, 
and  over  it  a  valve  is  laid.  This  con- 
sists of  a  flexible  piece  of  membrane, 
— as  leather,  silk,  &c., — ^which  being 
Fig.  14.  placed  on  the  aperture,  opens  in  one 

direction,  and  closes  in  the  other.    Such  a  valve  is  in  the  piston,  and  there 
is  another  one,  c,  resting  on  an  aperture  in  the  bottom  of  the  cylinder. 

To  understand  the  action  of  this  instrument,  let  us  suppose  a  glass  globe, 
full  of  atmospheric  air,  to  be  fastened  air-tight  to  the  bottom  of  such  a 
syringe,  and  tne  piston  then  lifted  to  the  top  of  the  cylinder.  As  it  moves 
without  leakage,  it  would  evidently  leave  a  vacuum  below  it,  were  it  not 
that  the  air  in  the  globe,  exerting  its  elastic  force,  pushes  dp  the  valve,  cy 
and  expands  into  the  cylinder.    In  this  way,  therefore,  by  the  upward 


KAIOBAL  PHILOSOPHY. 


15 


movemeiit  ai  the  piston,  a  oertain  quantity  of  air  oomes  out  of  the  globe  and 
fills  the  eyiinder.  The  piston  is  now  depressed :  the  moment  it  begins  to  descend 

the  yalTe,  Cy  which  leads  into  the  globe,  shuts ; 
and  now,  as  the  piston  comes  down,  it  con- 
denses the  air  below  it,  and  as  this  air  is 
condensed,  it  resists  exerting  its  elastic  force. 
The  piston-valve,  p,  under  these  circum- 
stances, is  pushed  open,  and  the  compressed 
.  air  gets  away  into  tne  atmosphere.  As  soon 
as  l£e  piston  has  reached  the  bottom  of  the 
cylinder  all  the  air  has  escaped,  and  the  pro- 
cess is  repeated  precisely  as  before.  The 
action  in  the  syringe  is,  therefore,  to  draw 
out  from  the  globe  a  certain  quantity  of  air 
at  each  upward  movement,  and  expel  this 
quantity  into  the  air  at  eadi  downward 
movement. 

For  reasons  connected  with  the  great 
pressure  of  the  air,  and  also  for  expediting 
the  process  of  exhaustion,  two  syringes  are 
commonly  used.  To  their  pistons  are  at- 
tached rods  which  terminate  in  racks,  hb  ;  be- 
tween these  is  placed  a  toothed  wheel,  which 
is  turned  on  its  axis  by  the  handle,  its  teeth 
taking  into  the  teeth  of  the  racks.  When  the 
handle  is  set  in  motion,  and  the  wheel  made 
to  revolve,  it  raises  one  of  the  pistons,  and 
at  the  same  time  depresses  the  other.  The  ends  of  these  racks  are  seen  in 
Kg.  14.    The  wheel  is  included  in  the  transverse  wooden  bar,//.  Fig.  13. 

By  the  aid  of  this  invaluable  machine  numerous  striking  and  important 
experiments  may  be  made.  The  form  described  here  is  one  of  the  most 
simple,  and  by  no  means  the  most  perfect.  For  the  higher  purposes 
of  science,  more  complicated  instruments  have  been  contrived,  in  which, 

with  the  utmost  perfection  of  workman- 
ship, the  valves  are  made  to  open  by  the 
movements  of  the  pump  itself,  and  do 
not  require  to  be  lifted  by  the  elastic 
force  of  the  air.  In  such  pumps,  a  far 
higher  degree  of  rarefaction  can  be  ob- 
tained. 

No  air-pump,  no  matter  how  perfect 
it  may  be,  can  ever  make  a  perfect 
vacuum,  or  withdrew  all  the  air  from 
its  receiver.  The  removal  of  the  air 
depends  on  the  expansion  of  what  is 
lert  behind,  and  there  must  always  be 
that  residue  remaining  which  has  forced 
out  the  portion  last  removed  by  the 
action  of  the  syringes. 
The  fimdamental  tsLct  in  the  science  of  Pneumatios  is,  that  atmospheric  air 
i$  a  heavy  body,  and  this  may  be  proved  in  a  very  satisfactory  manner  by  the 
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aidjof  the  ptiinp.  Let  there  be  a  glass  flask,  a,  Fig.  15,  the  tnouth  of 
which  is  closed  with  a  stop-cock,  tmrongh  which  the  air  can  be  removed. 
If  from  this  flask  we  exhaust  all  the  air,  and  then  equipoise  it  with  weights 
at  a  balance,  as  soon  as  the  stop-cock  is  opened  and  the  air  allowed  to  rush 
in,  the  flask  preponderates.  By  adding  weights  in  the  opposite  scale,  we 
can  determine  how  much  it  requires  to  bring  the  balance  back  to  equilibrio, 
and  therefore  what  is  the  weignt  of  a  volume  of  air  equal  to  the  capacity  of 
the  flask. 

Upon  the  same  principles  we  can  prove  that  all  gasses,  as  well  as  atmo- 
spheric air,  have  weight.  It  is  only  requisite  to  take  the  exhausted  flask,  and 
having  counterpoised  it  as  before,  screw  it  on  the  top  of  a  jar,  a,  Fig.  16, 
containing  the  gas  to  be  tried.  On  opening  the-  stop-cocks,  b  c,  the  gas 
flows  out  of  the  jar  and  fills  the  flask,  wnich,  being  removed,  may  be  again 
coimterpoised  at  the  balance,  and  the  weight  of  the  gas  filling  it  aetermined. 
There  are  very  great  differences  among  gases  in  this  respect. 

The  following  table  will  show  the  respective  weights  of  equal  quantities 
by  measure  of  several  elastic  fluids,  including  those  which  are  of  the  greatest 
importance  on  account  of  their  frequent  occurrence,  and  the  valuable  pur- 
poses to  which  they  have  been  applied : — 


AtmosDheiic  air 

Weiffhtof^ 
100  cubic  incbcA. 

Specific 
Gravity. 

30'  6  grains. 
33-  8      „ 
29.25      „ 
46-  6      „ 
2-12      „ 
46-  6      „ 
76-  3      „ 
16-  9      „ 
29.  6      „ 
18-  8      „ 

1- 

1-111 

0-972 

1-527 

0-069 

1-529 

2-500 

0-555 

0.972 

0-519 

Oxveen  eras 

Nitroeren  sras • 

Nitrous  oxido 

TTyf^rogen 'ga?    ...•••tTt.t.rt 

Carbonic  acid« • 

Chlorine  gas ...*...•.. 

Sub-carburetted  hydrogen  .... 

Carburetted  hydrogen 

Steam 

The  specific  gravity  of  the  atmosphere  being  the  standard  with  which  the 
density  of  all  gaseous  substances  is  compared,  it  is  considered  as  unity. 
[At  30  Bar.  and  32  deg.  it  is  769-4  times  lighter  than  water,  and  10,462  than 
mercury :  or  at  62  deg.  815  times  lighter  than  water,  and  11,065  times 
lighter  than  mercury.  The  knowledge  of  its  exact  weight  is  an  essential 
element  in  many  physical  and  chemical  researches,  and  has  been  deterinined 
with  very  great  care  by  Prout,  who  finds  that  100  cubic  inches  of  pure  and 
dry  atmospheric  air  at  60  deg.  and  30  Bar.  weigh  31*0117  grains. — Turner* s 
"  Elements  of  Chemistry y'\ 

From  the  fact  that  the  air  has  weight,  it  necessarily  follows  that  it  exerts 
pressure  on  all  those  portions  that  are  in  the  lower  regions,  having  to  sustain 
the  weight  of  the  masses  above.  And  not  only  does  tlus  hold  good  as  respects 
the  aerial  strata  themselves ;  it  also  holds  for  all  objects  immersed  in  the  air. 
In  most  cases,  the  resulting  pressure  is  not  detected,  because  it  takes  eflTect 
equally  in  all  directions,  and  pressures  that  are  equal  and  opposite  mutually 
neutralize  each  other. 
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But  wlien  by  tlie  air-pump  we  remove  the  pressure  from  one  side  of  a  body, 
and  still  allow  it  to  be  exerted  on  the  other,  we  see 
at  once  abundant  evidence  of  the  in- 
tensity of  this  force.  Thus,  if  we  take 
a  jar.  Fig  17,  open  at  both  ends,  and 
having  placed  it  on  the  pump-plate,  lay 
the  palm  of  the  hand  on  the  mouth  of 
it :  on  exhausting  the  air,  the  hand  is 
pressed  in  firm  contact  with  the  jar,  so 
that  it  cannot  be  lifted  without  the 
exertion  of  a  very  considerable  force. 

In  tiie  same  way,  if  we  tie  over  a  jar  a  piece  of  bladder,  and  allow  it  to  dry, 
it  assumes,  of  course,  a  perfect  horizontal  position ;  but  on  exhausting  the 
air  within  very  slightly,  it  becomes  deeply  depressed,  and  is  soon  burst  in- 
ward with  a  loud  explosion.  This  simple  instance  illustrates,  in  a  very 
satisfactory  way,  the  mode  in  which  the  pressiu'e  of  the  air  is  thus  rendered 
obvious ;  for  so  long  as  the  jar  was  not  exhausted,  and  had  air  in  its  interior, 
the  downward  pressure  of  the  atmosphere  could  not  force  the  bladder  inward, 
nor  disturb  its  position  in  any  manner :  for  any  such  disturbance  to  take 
place,  the  pressure  must  overcome  the  elastic  force  of  the  air  within,  which 
resists  it,  pressing  equally  in  the  opposite  way.  But  on  the  removal  of  the 
air  from  the  interior,  the  pressure  above  is  no  longer  antagonized,  and  it 
takes  effect  at  once  by  crushmg  the  bladder. 


CHAPTER  Y. 


THE  PEESSrUE  OF  THE  AIE. 


The  Magdthurgh  Hemisphere — Water  supported  hy  Air — The  Pneumattc 
Trough — Description  of  the  Barometer — Cause  of  its  Action — Different 
kinds  of  Barometers — Measurement  of  Accessible  Heights, 

Many  beautiful  experiments  establish  the  fact  that  the  atmosphere  presses, 
not  only  in  the  downward  direction,  but  also  in  every  other 
way.  Thus,  if  we  take  a  pair  of  hollow  brass  hemispheres, 
a  hy  Fig.  19,  which  fit  together  without  leakage,  by  means 
of  a  fiaiige,  and  exhaust  the  air  from  their  interior  through 
a  stop-cock  affixed  to  one  of  them,  it  will  be  found  that  they 
cannot  be  pulled  apart,  except  by  the  exertion  of  a  very 
great  force.  [In  order  to  make  the  contact  more  perfect, 
the  hedges  of  the  hemispheres  are  rubbed  with  grease 
previous  to  the  air  being  exhausted.]  Now  it  does  not 
matter  whether  the  handles  of  these  nemispheres  are  held 
in  the  position  represented  in  the  figure,  or  turned  a  quarter 
way  round,  or  set  at  any  angle  to  the  horizon,  they  adhere  with  equal  force 
together ;  and  the  same  power  which  is  required  to  pull  them  asunder  in 

c 
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the  vertical  direction  mnat  also  be  exerted  in  all  others.  This,  therefore, 
proves  that  the  pressure  of  the  air  takes  effect  equally  in  every  direction, 
whether  upward  or  downward,  or  laterally. 

[This  experiment  merits  recollection,  because  it  was  one  of  the  first  which 
drew  attention  to  the  material  nature  and  properties  of  the  air,  and  it  asto- 
nished the  world.  Otto  de  Ghiericke,  of  Ma^deburgh,  the  inventor,  had 
hemispheres  made  a  foot  in  diameter;  and  once  when  he  exhausted  them,  on 
the  occasion  of  a  public  exhibition,  six  coach-horses  of  the  Emperor  were  un- 
able to  pull  them  asunder. — Arnotfs  "  Elements  of  Physics, ''^~\ 

[Two  small  hemispheres  of  copper  were  exhausted  and  placed  between  four 
strong  draj-horses ;  but  they  could  not.  separate  them  although  dragging  in 
opposite  directions  for  about  half  an  hour.  ] 

Take  a  wine-glass,  and  having  filled  it  entirely  with  water,  place  over  its 
mouth  a  slip  of  writing-paper.  If  the  wine-glass  be  inverted,  it  wiU  Tbe  seen 
liiat  the  fluid  is  supported,  the  paper  neither  dropping  off  nor  the  water  flow- 
ing out.  This  remarkable  result  illustrates  the  docmne  of  the  upward  pres- 
sure of  the  air.  Nor  does  it  even  require  that  a  piece  of 
paper  should  be  used,  provided  the  glass  has  the  proper 
form.  Thus,  let  there  be  a  bottle,  a,  Fig.  20,  in  the  bottom  of 
which  there  is  a  large  aperture,  6.  K  the  bottle  be  filled  with 
water,  and  its  mouth  closed  by  the  finger,  the  water  will 
not  fiow  out,  but  remain  suspended.  And  that  this  result 
is  due  to  the  upward  pressure  of  the  air  is  proved  by  mov- 
ing the  finger  a  little  on  one  side,  so  as  to  let  the  air  exert 
its  pressure  on  the  top  as  well  as  the  bottom  of  the  water, 
which  immediately  flows  out. 
If  we  take  a  jar,  «,  Fig.  21,  and  having  filled  it  full  of 
water,  invert  it,  as  is  represented,  in  a  reservoir,  or  trough ;  for  the  reason 
explained  in  reference  to  Fig.  19,  the  water  will  remain  suspended  in  the 
jar.  Such  an  arrangement  forms  the  pneumatic  trough  of  chemists.  It  en- 
ables them  to  collect  the  various  gases  without  intermixture  with  atmospheric 
air ;  for  if  a  pipe,  or  tube,  through  which  such  a  gas  is  coming  be  depressed 
beneath  the  mouth  of  the  jar,  a,  so  that  the  bubbles  may  rise  into  the  jar, 
they  will  displace  the  water,  and  be  collected  in  the  upper  part  without  any 
admixture. 

If  in  this  experiment  we  use  mercuryinstead  of  water,  the  same  phenomenon 
ensues — ^the  mercury  being  supported  by  the  pressure  of  air.  Now,  it  might 
be  inquired,  as  the  atmosphere  only  extends  to  a 
certain  altitude,  and  therefore  presses  with  a 
weight  which,  though  great,  must  necessarily  be 
limited,  whether  that  pressure  could  sustain  a 
column  of  mercury  of  an  unlimited  length  ?  If 
we  take  a  jar  a  yard  in  length,  and  fill  it  with 
mercury,  and  invert  it  in  a  trough,  it  will  be 
seen  that  the  mercury  is  not  supported,  but  that 
it  settles  from  the  top  and  descends  until  it  reaches 
p.    oi  a,  point  which  is  about  thirty  inches  above  the 

^*     '  level  of  the  mercury  in  the  trough.     Of  course,  as 

nothing  has  been  admitted,  there  must  be  a  vacant  space  or  vacuum  be- 
tween the  top  of  the  mercury  and  the  top  x)f  the  jar. 
This  experiment,  which,  as  we  are  soon  to  see,  is  a  very  important  one,  is 
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ooimimmly  made  with  a  tube,  a  6,  Fig.  22,  instead  of  ajar — ^the  tube  being  more 
manageable,  and  containing  less  mercury.  It  should  be  at  least 
thirty- two  inches  long,  and  being  filled  with  quicksilver,  may 
be  inverted  in  a  shallow  dish,  containing  the  same  metal,  c.  It 
is  convenient  to  place  at  one  side  of  the  tube  a  scale,  c?,  divided 
into  inches,  these  inches  being  counted  from  the  level  of  the 
mercury  in  the  dish,  c.  Such  an  instrument  is  called  a  Baro- 
meter, or  measurer  of  the  pressure  of  the  air. 

Let  us  briefl.y  investigate  the  agencies  which  operate  in  the 
case  of  this  instrument.  If^  having  closed  the  moutJi  of  the 
tube,  6,  with  the  finger,  we  lift  it  out  of  the  dish,  c,  it  will  be 
found  that  we  must  exert  a  considerable  degree  of  force  in 
order  to  sustain  the  column  of  mercury,  which  presses  against 
the  finger  with  its  whole  weight,  and  tends  to  push  it  away. 
Consequently,  the  mercury  is  continually  exerting 
Kg.  22.  a  tendency  to  flow  out,  and  therefore  two  forces  » 
are  in  operation ;  on  the  one  hand,  the  weight  of  the  mercury  ^ 
attemptmg  to  flow  out  of  the  tube  into  the  dish ;  and  on  the  *^ 
other,  the  weight  or  pressure  of  the  atmosphere  attempting  to 
push  the  mercury  up  in  the  tube.  If  the  pressure  of  the  air 
were  greater,  it  would  push  the  mercury  higher ;  if  less,  the 
mercury  would  flow  out  to  a  corresponding  extent.  Thus,  the 
length  of  the  mercury  column  equilibrates  the  pressure  of  the 
air,  and  we  therefore  say  that  the  atmospheric  pressure  is  equal 
to  so  many  inches  of  mercury. 

That  the  whole  thing  depends  on  the  pressure 
of  the  air  may  be  beautifully  proved  by  putting  the         .^ 
barometer  under  a  tall  air-pump  receiver,  as  repre-         i  j 
sented  in  Fig.  23,  and  exhausting.    As  the  pressure         '.  ] 
of  the  air  is  reduced,  the  mercurial  column  falls ;         :  ] 
and  if  it  were  possible  to  make  a  perfect  vacuum  by         :  j 
such  means,  the  mercury  would  sink  in  the  tube  to        ^- " 
its  level  in  the  dish.     On  re- admitting  the  air  the 
mercury  rises  again,  and  when  the  original  pressure 
is  regained  it  s^ds  at  the  original  level. 

There  are  many  different  forms  of  barometers, 
such  as  the  straight,  the  m)hon,  &c.,  but  the  prin- 
ciple of  all  is  the  same.  The  scale  must  uniformly 
commence  at  the  level  of  the  mercury  in  the  reser- 
voir. Now,  it  is  plain  that  this  level  changes  with 
the  height  of  the  column ;  for  if  the  metal  flows  out 
Fig  28.  of  the  tube,  it  raises  the  level  in  the  reservoir,  and 
vice  versa.  In  every  perfect  barometer,  means,  therefore,  should 
be  had  to-  adjust  the  beginning  of  the  scale  to  the  level  for  the 
time  being.  In  some  barometers,  as  in  that  represented  in  Fig.  24, 
this  is  done  by  having  the  mercury  in  a  cistern  with  a  moveable 
bottom,  and  by  turning  Hie  screw  Y,  the  level  can  be  precisely  adjusted  to 
that  of  the  ivoiy  point,  a. 

A  barometer  kept  in  the  same  j^lace  undergoes  variations  of  altitude,  some 
of  which  are'  regular,  and  others  irregular.  The  former,  which  depend  on 
dinmal  tides  in  the  atmosphere,  analogous  to  tides  in  the  sea,  oce\i£  ^\^TyX 
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the  same  time  of  tlie  day — ^the  greatest  depression  being  commonly  about 
four  in  the  morning  and  evening,  and  the  greatest  elevation  about  ten  in  the 
morning  and  night.  In  summer,  however,  they  occur  an  hour  or  two  earlier 
in  the  morning,  and  as  much  later  at  night.  The  irregular  changes  depend 
on  meteorological  causes,  and  are  not  reduced  as  yet  to  any  determinate  laws. 
In  amount  they  are  much  more  extensive  than  the  former,  extending  from 
the  twenty-seventh  to  more  than  the  thirtieth  inch,  while  those  are  limited 
to  about  the  tenth  of  an  inch. 

A  very  valuable  application  of  the  barometer  is  for  the  determination  of 
accessible  heights.  The  principle  upon  which  this  depends  is  simple — 
the  barometer  necessarily  standing  at  a  lower  point  as  it  is  carried  to  a 
higher  position.  In  practice  it  is  more  complicated ;  and  to  obtain  exact 
results  various  methods  have  been  given  by  Laplace,  Bailly,  Littrow, 
and  others. 

[The  pressure  of  the  atmosphere  varies  according  to  the  elevation  above 
the  level  of  the  sea,  and  on  this  principle  the  height  of  mountains  is  esti  ■ 
mated.  Supposing  the  density  of  the  atmosphere  t©  be  uniform,  a  fall  of  one 
inch  in  the  barometer  would  correspond  to  11,065  inches,  or  922  feet  of  air ; 
but  in  order  to  make  the  calculation  with  accuracy,  allowance  must  be  made 
for  the  increasing  rarety  of  the  air,  and  for  various  other  circumstances  which 
are  detailed  in  works  on  meteorology. — Turner^ s  "  Elements  of  Chemistry,*^'] 


CHAPTER  YI. 

THE  PBESSUBE  OF  THE  ATE. 


Measure  of  the  Force  with  which  the  Air  presses — Different  Modes  of  Esti- 
mating  it — Experiments  illustratirtg  this  Force — Elasticity  of  the  Air — 
Experimental  Illustrations — The  Condenser. 

Havin^g  explained  the  cause,  and  illustrated  the  pressure  of  the  air,  we 

proceed  in  the  next  place  to  determine 
its  actual  amount. 

There  are  many  ways  in  which  this 

may  be  done.     The  following  is  simple : 

Take  a  pair  of  Magdeburgh  hemispheres, 

the  area  of  the  section  of  which  has  been 

previously  determined  in  square  inches ; 

exhaust  them  as  perfectly  as  possible  at 

.the  pump ;  and  then,  fastening  the  lower 

handle,  a,  to  a  firm  support,  hang  the 

other,  6,  Fig.  25,  to  the  hook  of  a  steel- 

Fig.  25.  yard,  and  move  the  weight  until  the 

hemispheres  are  pulled  apart.     It  will  be  found  that  this  commonly  takes 

place  when  the  weight  is  sufficient  to  overcome  a  pressure  of  fifteen  pounds 

on  every  square  indi. 

This  may  serve  as  an  elementary  illustration,  but  there  are  other  methods 
much  more  exact.    Thus,  by  the  barometer  itself  we  may  determine  the 
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yalue  of  the  pressure  witli  precision.  If  we  had  a  barometer  which  was 
exactly  one  square  inch  in  section,  and  weighed  the  quantity  of  mercury  it 
contaiQed  at  any  given  time,  it  would  give  us  the  value  of  the  atmospheric 
pressure  on  one  square  inch,  because  the  weight  of  the  mercury  is  equal  to 
tiie  pressure  of  the  air.  And  by  calculation  we  can,  in  like  manner,  obtain 
it  from  tubes  of  any  diameter. 

The  phenomena  of  the  barometer  teach  us  that  this  pressure  is  not  always 
the  same,  but  it  undergoes  variations.  It  is  commonly  estimated  at  iifteen 
pounds  on  the  square  inch, 

[The  pressure  of  the  atmosphere  being  about  fifteen  poimds  on  every  square 
inch,  the  surface  of  the  whole  globe  sustains  a  pressure  of  11,44^000,000 
hundreds  of  millions  of  pounds.  Shell-fish,  which  have  the  power  of  pro- 
ducing a  vacuum,  adhere  to  the  rocks  bv  a  pressure  of  fifteen  pounds  upon 
every  square  inch  of  contact. — Somerville^s  **  Connection  of  the  Physical 
JSciences,"'] 

There  are  two  other  ways  in  which  the  value  of  the  pressure  of  the  air  is 
stated.  It  is  equal  to  a  column  of  mercury  thirty  inches  in  length,  or  to  a 
column  of  water  thirty-four  feet  in  length. 

We  are  now  able  to  understand  the  reason  of  the 
great  effects  to  which  the  pressure  of  the  air  may  give 
rise.  In  most  instances  these  effects  are  neutralisea  by 
countervailing  pressures.  Thus,  the  body  of  a  man  of 
ordinary  size  has  a  surface  of  about  two  thousand  square 
inches,  the  pressure  upon  which  is  equal  to  thirty 
thousand  pounds.  But  this  amazing  force  is  entirely 
neutralised,  because,  as  we  have  seen,  the  atmospheric 
pressure  is  equal  in  all  directions — ^upward,  downward, 
and  laterally.  All  the  cavities  and  the  pores  of  the 
body  are  filled  with  air,  which  presses  with  an  equal 
force.  [What  a  fortunate  thing  it  is  that  we  are  sub- 
jected to  this  apparent  enormous  pressure,  for  if  this 
did  not  exist,  the  fiuids  that  circulate  within  our  bodies 
would  be  vapourised,  and  the  surrounding  parts  crumble 
away.] 

The  following  experiments  may  further  illustrate  the 
general  principle  of  atmospheric  pressure : 

On  a  small  fiat  plate,  a.  Fig.  26,  furnished  with  a 
stop-cock,  6,  which  terminates  in  a  narrow  pipe,  c,  let 
there  be  placed  a  tall  receiver,  from  which  the  air  is  to 
be  exhausted  by  the  pimip.  The  stop-cock,  b,  being  closed,  and  the 
instrument  being  removed  from  the  pump,  b  is  to  be 
opened,  while  the  lower  portion  of  its  tube  dips  into 
a  bowl  of  water.  Under  these  circumstances  the  water 
is  pressed  up  in  a  jet  through  c,  and  forms  a  fountain  in 
yacao. 

On  the  top  of  a  receiver.  Fig.  27,  let  there  be 
cemented  air-tight,  a  cup  of  wood,  a,  terminating  in  a 
^lindrical  ^iece,  6,  the  pores  of  which  run  lengthwise. 
]£eneath  this  let  there  be  placed  a  tall  jar,  c.    Now,  if  ^.     ^^ 

the  wooden  cup  be  filled  with  quicksilver,  the  jar  being  ^' 

previously  placed  on  the  pump,  and  eidiaustion  made,  the  metal  will  be 
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Fig.  28. 


pressed  through  the  pores  of  the  wood  and  descend  in  a  silver  shower.  The 
jar,  c,  should  be  so  placed  as  to  prevent  any  of  the  quicksilver  getting  into 
the  interior  of  the  pump. 

There  are  many  substances  which  exist  in  the  liquid  con- 
dition, merely  because  of  the  pressure  of  the  air.  Take  a 
glass  tube,  A,  Fig  28,  closed  at  one  end  and  open  at  the 
other,  and  having  fiUed  it  with  water,  invert  it  in  a  jar,  B; 
introduce  into  it  now  a  little  sulphuric  ether,  which  will 
rise,  because  of  its  lightness,  to  tne  top  of  the  tube,  at  a. 
Place  the  apparatus  beneath  the  receiver  of  the  air-pump, 
and  exhaust.  The  ether  will  now  be  seen  to  abandon  the 
liquid,  and  assume  the  gaseous  form,  filling  the  entire  tube 
and  looking  like  air.  On  allowing  the  pressure  again  to 
take  effect,  it  again  relapses  into  the  liquid  form. 

The  following  expenments  illustrate  the  elasticity  of  the 
air: 
Take  a  glass  bulb,  a,  Fig.  29,  which  has  a  tube,  6,  projecting  from  it,  tbe 
open  extremity  of  which  dips  beneath  some  water  in  a  cup, 
c  ;  the  tube  and  the  bulb  being  likewise  fuU  of  water,  ex- 
cept a  small  space  which  is  occupied  by  a  bubble  of  air  at  a. 
Invert  over  the  whole  a  jar,  d,  and,  placing  the  arrangement 
on  the  pump,  exhaust.     It  will  be  found,  as  exhaustion  goes 
on,  that  the  bubble,  a,  steadily  increases  in  size  until  it  fiUs 
aU  the  bulb,  and  even  the  tube.     On  re-admitting  the  pres- 
sure, the  bubble  collapses  to  its  oiiginal  size.     The  air  is. 
Fig.  29.        therefore,  dilatable  ana  condensible — that  is,  it  is  elastic. 
If  a  bottle,  the  sides  of  which  are  square  and  the  mouth  hermetically 
closed,  be  placed  beneath  a  receiver,  and  the  pressure  removed,  the  air  im- 
prisoned in  the  interior,  exerting  its  elastic  force,  will  violently  burst  the 
"^  bottle  to  pieces.    It  is,  therefore,  well  to  cover 

it  with  a  wire  cage,  as  represented  in  Fig.  30* 
The  elastic  force  of  the  air  increases  with 
its  density.  Powerful  effects  therefore  arise 
by  condensing  air  into  a  limited  space.  The 
condenser,  which  is  an  instrument  for  this 
purpose,  is  represented  in  Fig.  31.  It  con- 
Fig.  30.  gists  of  a  tube,  a,  5,  in  which  there  moves  by 
a  handle,  ^,  a  piston,  /.  In  one  side  of  the  tube,  at  c,  there 
is  an  aperture,  and  at  the  lower  part,  c?,  there  is  a  valve,  e, 
opening  downward.  On  pushing  the  piston  down,  the  air 
beneath  it  is  compressed,  and,  opening  the  valve,  e,  by  its 
elastic  force,  accumulates  in  the  receiver,  R.  When  the 
piston  is  pulled  up,  a  vacuum  is  made  in  the  tube ;  but  as 
soon  as  it  passes  the  aperture,  c,  the  air  rushes  in.  Another 
downward  movement  drives  this  through  tbe  valve  into  the 
receiver,  and  the  process  may  be  continued  until  the  elastic  force  of  the  in- 
cluded air  becomes  very  great. 

If  the  receiver  be  partly  filled  with  water,  and  there  be  placed  in  it  a  piece 
of  wax,  an  eg^,  or  any  yielding  or  brittle  bodies,  it  wiH  be  found  impossible 
to  alter  their  figure  by  condensing  the  air  to  any  extent  whatever.    And 
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this  arises  from  the  circxunstance  already  explained — ^that  the  pressure* 
generated  is  equal  in  all  directions. 

\_A  common  toy,  known  by  the  name  of  the  water  balloon,  is  constructed 
upon  the  following  scientific  principles : — The  figure  of  a  balloon  is  blown  in 
glass,  and  the  lower  part,  wnich  is  curved  for  the  car  to  be  attached,  has  a 
small  hole  in  it.  A  car  is  then  suspended  to  it,  and  this  is  of  such  a  weight 
that  it  is  exactly  balanced  by  the  balloon  full  of  air  placed  in  a  tall  vessel  of 
water,  covered  with  a  piece  of  bladder  or  india-rubber,  which  is  firmly  tied 
over  tiie  top.  By  pressing  the  finger  on  the  cover,  the  balloon  will  descend 
to  the  bottom,  and  on  removing  the  finger,  the  elastic  force  of  the  air  in  the 
balloon  drives  out  the  excess  of  water  which  had  previously  entered,  and  the 
balloon  becoming  lighter,  re-ascends.  Therefore,  we  say  that  the  ascent  and 
descent  of  the  balloon  depends  upon  the  condensation  and  expansion  of  the 
air  contained  in  it.] 

On  precisely  the  same  principle,  if  a  small  bladder, 

only'partly  full  of  air,  be  sunk  by  a  weight.  Fig.  32,  to 

the  bottom  of  a  deep  glass  of  water,  on  covering  the 

whole  with  a  receiver,  and  exhausting  the  elastic  force 

of  the  included  air,  dilates  the  bladder,  which  rises  to  the 

top,  carrying  with  it  the  weight.    When  the  pressure  is 

re-admitted,  the  bladder  collapses  and  descends  again  to 

the  bottom  of  the  jar. 

There  are  numerous  machines  in  which  the  elastic 

•  force  of  air  is  brought  into  operation,  such  as  the  air-gun, 

Fig.  32.     ^      blowing-machines,  &c.     Indeed,  the  various  applications 

of  gunpowder  itseK  depend  on  this  principle — that  material  on  ignition 

suddenly  giving  rise  to  the  evolution  of  an  immense  quantity  of  gas,  which 

exerts  a  great  elastic  force. 


\ 


CHAPTER  YII. 

PROPERTIES  OF  THE  AIE. 


MarrioUe's  Law — Proof  for  Compressions  and  Dilatations — Case  in  which  , 
it  Fails — Resistance  of  the   Air  to  Motion — The  Parachute — The  Air 
transmits  Sound ;   supports  Animal-  Life,    Combustion,  and  Ignition — 
JSxists  in  the  pores  of  some  bodies  and  is  dissolved  in  others. 

Atmospheric  air  being  thus  a  highly  compressible  and  expansible  sub- 
stance, we  have  next  to  inquire  what  is  the  amount  of  its  compressibility 
under  different  degrees  of  force  ?  This  has  been  determined  experimentally 
by  different  philosophers,  the  true  law  having  first  been  discovered  by  Boyle 
and  Marriotte. 

The  density/  and  elasticity/  of  air  are  directly  as  the  force  of  compression. 

The  volume  which  dir  occupies  is  inversely  as  the  pressure  upon  it. 

To  illustrate,  and  at  the  same  time  to  prove  these  laws,  we  make  use  of  a 


24 


THE  HOME  TTJTOB. 


lube,  a  d  chf  80  bent  that  it  has  two  parallel  branches,  a  and  6.  It  is  closed 
at  b,  and  has  a  funnel-month  at  a.  Sufficient  mercnry  is  poured 
into  the  tube  to  close  the  bend  and  to  insulate  a  volume  of  air  in 
if  d.  Of  course  this  air  exists  under  a  pressure  of  one  atmo- 
sphere equal  to  a  column  of  mercury  thirty  inches  long.  Through 
tne  funnel,  a,  mercury  is  now  to  be  poured ;  as  it  accumulates  it 
presses  on  the  air  in  c?  6,  and  reduces  its  volume  to  c.  If,  in  this 
manner,  a  column  thirty  inches  long  be  introduced,  it  will  be 
found  that  the  air  in  6  c?  is  reduced  to  half.  There  are,  therefore, 
now  two  atmospheres  pressing  on  the  included  air — the  atmo- 
sphere itseK  being  one,  and  the  thirty  inches  of  mercury  the  other.. 
Two  atmospheres,  therefore,  reduce  a  given  quantity  of  air  into 
half  its  volume.  ^'«'^'' 

In  the  same  manner  it  could  be  proved,  if  the  tube  were  long 
enough,  that  the  introduction  of  another  thirty  inches  of  mercury,  giving  a 
pressure  of  three  atmospheres,  would  condense  the  air  to  one-third,  that  four 
would  compitess  it  to  one-fourth,  five  to  one-fifth,  t&c. 

[The  truth  of  this  law  may  be  proved  for  rarefactions  as  well  as  condensa- 
tions.    Arago  and  Dulong  have  demonstrated  that  Marriotte's 
law  does  not  vary  for  atmospheric  air  in  its  application  to  a 
pressure  of  twenty-seven  atmospheres.]      For  this  purpose 
let  there  be  taken  a  long  tube,  a  6,  Fig.  34,  open   at  the 
end,  h,  and  closed  at  a,  with  a  screw ;  a  jar,  B,  filled  with 
mercury  to  a  sufficient  height,  is  also  to  be  provided.     Now  let 
the  screw  at  a  be  opened  and  the  tube  depressed  in  the  mercury 
until  the  metal,  by  rising,  leaves  in  the  tube  a  few  inches  of 
air.     The  screw  is  now  to  be  closed  and  the  tube  lifted.     The 
I  g  included  air  at  once  dilates,  and  a  column  of  mercury  is  sus- 
pended.    It  will  be  found  that  when  the  air  has  dilated  to 
double  its  volume,  the  length  of  the  mercurial  column  in  the 
tube  will  be  fifteen  inches — ^that  is,  half  the  barometic  length. 
By  such  experiments  it  therefore  appears  that  Marriotte's 
law  holds  both  for  condensations  and  rarefactions.     This  law 
has  been  verified  until  the  air  has  been  condensed  twenty- 
seven  times  and  rarefied  one  hundred  and  twelve  times.  *  In 
the  case  of  gases,  which  easily  assume  the  liquid  form,  it  is, 
however,  departed  from  as  that  point  is  approached. 
Besides  the  properties  already  described,  atmospheric  air  possesses  others 
which  require  notice.     Among  these  maybe  mentioned  resistance  to  motion. 
This  property  may  be  exhibited  by  means  of  the  two  wheels,  a  h,  Fig.  35, 
which  can  be  put  in  rapid  rotatory  motion  by  the  rack,  d,  which  moves  up 
and  down  through  an  air-tight  stuffing-box,  e.     The  wheels  are  so  arranged 
that  the  vanes  of  a  move   through   the  air  edgewise,    but  those  of  h 
with  their  broad  faces.      On  pushing  down  the  rack,  d,  and  making  the 
wheels  rotate  with  equal  rapidity  in  the  atmospheric  air,  one  of  them,  a, 
will  be  found  to  continue  its  motion  much  longer  than  the  other,  h ;  and 
that  this  arises  from  the  resistance  which  h    experiences  from  the    air  is 
'proved   by  making  them  rotate  in  the  receiver  from  which  the  air  has 
been  exhausted,  when  h  will  continue  its  motion  as  16ng  as  a,  both  ceasing 
to  revolve  simultaneously. 
The  water-hammer  affords  another  instance  of  the  same  principle.     It 


Fig.  34. 
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Fig.  35. 


oonsitsts  of  a  tube  a  foot  or  more  long,  and  half  an  incli  in  diameter.  In 
it  there  is  included  a  small  quantity  of  water,  but  no  atmospheric  air.  When 
it  is  turned  upside  down  the  water  drops  from  end 
to  end,  and  emits  a  ringing  metallic  sound.  If  there 
were  any  air  in  the  tube,  it  would  resist  or  break 
the  fall  of  the  water.  A  well-made  mercurial  ther- 
mometer exhibits  the  same  fact.  If  there  is  a  perfect 
vacuum  in  its  tube,  on  turning  the  instrument  upside 
down  the  metal  drops  like  a  hard,  solid  body  against 
the  closed  end. 

The  PAKAcnuTE  is  a  machine  by  which  aeronauts 
may  descend  from  a  balloon  to  the  ground  in  safety. 
It  bears  a  general  resemblance  to  an  umbrella,  and 
consists  of  a  strong  but  light  surface,  a  a,  Fig.  36, 
"from  which  a  car,  6,  is  suspended.     When  it  is  de- 
tached from  the  balloon  it  descends  at  first  with  an 
accelerated  velocity ;  but  this  is  soon  checked  by  the 
resistance  of  the  air,  and  the  machine  then  fans  at 
a  rate  nearly  uniform,  and  very  moderate. 
^  ^-»r^---c^   rl  [A. very   simple 

experiment  will  en- 
^,  able  any  person  to 
/  illustrate  the  prin- 
ciple of  the  para- 
chute. Take  a  piece 
of  paper  about  three 
feet  square,  and 
attach  a  piece  of 
thread  to  each  cor- 
ner of  it;  then 
fasten  a  propor- 
tionate weight  to 
the  lower  part,  and 
let  it  drop  from  a 
window,  or  even 
from  yx)i3r  hand, 
held  as  high  as  you  can.  It  will  descend 
slowly  to  the  ground.] 

[Zacharia  of  Rosleben  conceived  that  it 
would  be  possible  to  construct  a  flying  boat, 
and,  as  an  experiment  he  made  a  case  of  light 
wood,  covered  with  Hnen,  in  the  shape  of  a  flat  obtuse-angled  keel,  flve  and 
a  half  feet  in  diameter,  and  half  a  foot  deep,  weighing  fourteen  and  a  half 
pounds.  He  launched  this  machine  from  a  scaffold  twenty-seven  feet  high, 
which  was  erected  on  a  rock  one  hundred  feet  above  the  racecourse  of  Wen- 
delstein,  17th  of  September,  1822,  and  the  boat  flew  153  feet.  He  made 
another  OMeriment  upon  the  same  day,  and  from  the  same  spot,  with  another 
boat,  weighing  twenty-five  pounds,  which  landed  after  a  mght  of  158  feet. 
The  experiments  were  not  repeated,  on  account  of  the  expense  and  their 
mrtial  MLure.—- Abridged  from  the  "  Elements  of  Natural  Philosophy^"  by 
jProf,  Viest,  of  Anhalt- Dessau,  page  207.] 


Fig.  36. 


Fig.  37. 
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In  Tirtue  of  its  elasticity,  atmospheric  air  is  the  oonunon  medium  for  the 
transmission  of  sounds.  Under  the  receiver  of  an  air-pump,  let  there  be 
placed  a  bell,  a,  Fig.  38,  the  hammer,  6,  of  which  can  be  moved  on  its 
pivot,  e,  by  means  of  a  lever,  A,  which  is  worked  by 
a  rod  passing  through  the  stuffing-b*ox,  e.  The  bell 
is  placed  on  a  leather  drum,  /,  and  fastened  down  to 
the  pump-plate  by  means  of  a  board,  d.  While  the 
air  IS  yet  in  the  receiver,  the  sound  is  quite  audible, 
but  on  exhausting,  it  becomes  fainter  ana  fainter,  and 
at  last  can  no  longer  be  heard.  On  re-admitting 
the  air  the  sound  gradually 
increases,  and  at  last  acquires 
its  original  intensity.  The 
leather  cushion,  /,  is  neces- 
sary to  prevent  the  transmis- 
sion of  the  sound  through  the 
solid  part  of  the  pump. 
Fig.  38.  The  air  also  is  absolutely 

necessary  for  the  support  of  life.  The  higher  warm- 
blooded animals  die  when  the  air  is  oi2y  partially 
rarefied.  A  rabbit,  or  other  small  animal,  placed  , 
under  an  air-pump  jar,  may  remain  there  several 
minutes  without  being  much  disturbed ;  but  if  we 
commence  with  drawing  the  air,  the  animal  in- 
stantly shows  signs  of  distress,  and  if  the  experiment  Fig.  39. 
is  continued,  soon  dies.     (Fig.  39.) 

So,  too,  if  a  jar  containing  some  small  fishes  be  placed  under  an  exhausted 
receiver,  the  animals  either  float  on  their  backs,  at  the  surface  of  the 
water  ;  or  descend  only  by  violent  muscular  exertions.  Fishes  respire  the 
air  which  is  dissolved  in  water,  and  hence  it  is  somewhat  remarkable  ttat 
they  continue  to  live  for  a  considerable  length  of  time  in  an  exhausted 
receiver. 

The  air  is  also  necessary  to  all  processes  of  com- 
bustion. If  a  lighted  candle  be  placed  under  a 
receiver,  it  will  bum  for  a  length  of  time ;  but 
if  the  air  be  withdrawn  by  the  pump,  it  presently 
dies  out.  The  smoke  also  descends  to  the  bottom 
of  the  receiver,  there  being  no  air 
to  buoy  it  up. 

If  a  gun-lock  be  placed  in  an  ex- 
hausted receiver,  and  the  flint  be 
made  to  strike,  no  sparks  whatever 
appear;  and,  consequently,  if  there 
were  ^.ewder  in  the  pan,  it  could 
not  be  exploded.  The  production 
of  sparks  by  the  flint  and  steel  is 
due  to  smaU  portions  of  the  latter 
which  are  struck  off  by  the  percus- 
sion burning  in  the  air,  and  when 
the  air  is  removed  that  combustion 
(Fig,  400 


Fig.  40. 
can  of  course  no  longer  take  place. 


Fig.  41. 
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By  taking  advantage  of  the  exponsibilitT  of  the  air,  we  are  able  to  prove 
Hiat  it  is  inclndea  in  the  pores  of  many  bodies.  Thus,  if  an 
eg^  is  dropped  into  a  deep  jar  of  irater,  and  this  covered 
'wixh  a  receiver,  as  soon  as  exhaustion  is  made,  a  multitude  of 
air-bubbles  continuallT  ascend  through  the  water.  (Fig.  41.) 
Or  if  a  glass  of  porter  be  placed  beneath  such  a  receiver, 
its  surface  is  covered  with  a  foam,  the  carbonic  acid  gas, 
which  is  the  cause  of  its  agreeable  briskness,  escaping  away. 
fFiff.  42.)  And  even  common  river  or  spring  water  treated 
in  me  same  manner  exhibits  the  escape  of  a  considerable 
quantity  of  gas,  which  ascends  through  it  in  small  bubbles, 
and  gives  it  a  sparkling  appearance 

Kg.  42. 


CHAPTER  Vni. 

PSOPEBXIES  OP  THE  AIE. 

Loss  of  Weight  of  Bodies  in  the  Air — Tlieory  of  Aerostation — The  Mont- 

golfier  Balloon — The  Hydrogen  Balloon — Mode    of   Controlling  Ascent 

and  Descent — Artificial  and  Natural  Currents    in  the  Air-^Besistance 

'  of  the  Air  to  Projectiles — Velocity  tcith  tchich  Airflows  into  a  Vacuum. 

Velocity  of  Efflux  of  different  Gases — Principles  of  Gaseous  Diffusion — 

These  jprinciples  regulate  the  Constitution  of  the  Atmosphere, 

On  principles  which  will  be  fully  explained  when  we  come  to  speak  of 
spedfic  gravity,  it  appears  that  a  solid  immersed  in  a  fluid  loses  a  portion  of 
itis  weight.  It  follows,  of  course,  that  a  substance  weighs  less  in  the  air  than 
it  does  in  yacuo. 

To  the  arm  of  the  balance,  a,  Fig.  43,  let  there  be  hung  a  light  glass  globe, 

c,  counterpoi^d  in  the  air  on  the  other 
arm,  6,  by  means  of  a  weight,  cf.  If 
the  apparatus  be  placed  beneath  a  re- 
ceiver, and  the  air  exhausted,  the 
globe,  c,  descends,  but  on  re-admitting 
the  air  the  equilibrium  is  again  re- 
stored. This  instrument  was  lormerly 
used  for  determining  the  density  of  tho 
air. 

A  substance  that  has  the  same  den- 
sity as  atmospheric  air,  when  it  is  im- 
mersed in  that  medium,  loses  all  its 
weight,  ^d  will  remain  suspended  in  it 
in  an^  position  in  which  it  may  be 
placed.  But  if  it  be  lighter,  it  is  pressed  upward  by  the  aerial  particles, 
and  rises,  upon  the  same  principle  that  a  cork  ascends  from  the  bottom  of 
a  bucket  of  water.  And  as  the  density  of  the  air  continually  diminishes 
as  we  go  upward,  it  is  evident  t^at  such  a  body,  ascending  from  one  stratum 
to  another,  will  finally  attain  one  having  the  same  density  as  itself,  and 
there  it  will  remain  suspended. 
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On  these  principles  nerostation  depends.    Air  balloons  are  macliines  wMcli 

ascend  throngli  the  atmosphere  and  float  at  a  certain  altitude.     They  are  of 

two  kinds ;  first,  Montgolner,  or  rarefied  air  balloons ;  and  second,  Hydrogen 

gas  balloons. 

The  Montgolfier  balloon,  which  was  invented  by  the  person  whose  name  it 

bears,  consists  of  a  light  bag  of  paper,  or  cotton,  which 

may  be  of  a  spherical  or  other  shape ;  in  its  lower 

portion  there  is  an  aperture,  with  a  basket  suspended 

beneath  for  the  purpose  of  containing  burning  mate- 

lial,  as  straw  or  shavings.     On  a  small  scale,  a  paper 

globe  two  or  three  feet  in  diameter,  with  a  piece  of 

sponge  soaked  in  spirits  of  wine,  answers  very  well. 

The  hot  air  arising  Irom  the  burning  matter  enters  the 

aperture,  distending  the  balloon,  and  makes  it  speci- 

ficalljr  lighter  than  the  air,  through  which,  of  course,  it 

will  rise.     (Fig.  44.) 

The  hydrogen  gas  balloon  consists,  in  like  manner,  of 
Fig.  44.  a  thin,  impervious  bag,  filled  either  with  hydrogen  or 

common  coal  gas.  The  former,  as  usually  made,  is  from  ten  to  thirteen 
times  lighter  than  air ;  the  latter  is  somewhat  heavier.  A  balloon  filled  with 
either  ol  these  possesses,  therefore,  a  great  ascensional  power,  and  will  rise 
to  considerable  heights.  Thus,  Biot  and  Gay  Lussac,  m  1804,  ascended  in 
one  of  these  machines  to  an  elevation  of  23,000  feet.  When  the  balloon  first 
ascends,  it  ought  not  to  be  fuU  of  gas,  for  as  it  reaches  regions  where  the 
pressure  is  diminished,  the  gas  within  it  is  dilated,  and  though  flaccid  at 
first,  it  wiU  become  completely  distended.  [A  balloon  which  is  only  half 
full  at  the  surface  of  the  earth,  becomes  quite  full  when  it  has  risen  three 
miles  and  a  half ;  because  at  that  altitude,  air  from  below  doubles  its  volume 
on  account  of  the  diminished  pressure. — Dr.  Arnott^s  "  Elements  of  Physics,  ^ 
3rd  ed.  p,  401.]  If  it  were  full  at  the  time  it  left  the  ground,  there  would 
be  risk  of  its  bursting  open  as  it  rose.  The  gas  balloon  requires  a  valve 
placed  at  its  top,  so  that  gas  may  be  discharff  ed  at  pleasure,  and  the  machine 
made  to  descend.  The  aeronaut  has  control  over  its  motions  by  taking  up 
with  him  a  quantity  of  sand  in  bags,  as  ballast.  If  he  throws  out  sand, 
the  balloon  rises ;  and  if  he  opens  the  valve,  and  lets  the  gas  escape,  it 
descends. 

The  rarefaction  which  air  undergoes  by  heat  makes  it,  of  course,  specifi- 
cally lighter.  Warm  air,  therefore,  ascends,  and  cold  air  descends.  When 
the  door  of  a  room  which  is  very  warm,  is  open,  the  hot  air  flows  out  at  the 
top,  and  the  cold  enters  at  the  floor ;  these  currents  may  be  easily  traced  by 
holding  a  candle  near  the  bottom  and  top  of  the  door.  In  the  former  posi- 
tion the  flame  leans  inward,  in  the  latter  it  is  turned  outward,  following  the 
course  of  the  draught. 

The  drawing  of  chimneys,  and  the  action  of  furnaces  and  stoves,  depend 
on  similar  principles ;  the  column  of  hot  air  contained  in  the  flue  ascending, 
the  cold  air  replacing  it  below. 

Similar  movements  take  place  in  the  open  atmosphere.  When  the  sun 
shines  on  the  ground  or  the  surface  of  the  sea,  the  air  in  contact  becomes 
warm  and  rises  ;  it  is  replaced  by  colder  portions,  and  a  continuous  current 
is  established.  The  direction  of  these  currents  is  changed  by  a  variety  of 
circumstances,  as  the  diurnal  rotation  of  the  eur- ':.  and  other  causes  less 
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understood.    On  these  depend  the  yarions  currents  known  as  breezes,  trade- 
winds,  storms,  hurricanes. 

The  atmosphere  does  not  rash  into  a  void  space  instantaneously ;  but, 
under  common  drcumstances  of  densitjr  and  pressure,  with  a  velocity  of 
about  1,296  feet  in  one  second.  Its  resisting  action  on  projectiles  moying 
through  it  with  great  velocities  is  intimately  connected  with  iMs  fact.  A 
cannon  ball  moving  through  it  with  a  speed  ef  two  oi  three  thousand  feet 
leaves  a  total  vacuum  bemnd  it.  and  condenses  the  air  correspondingly  in 
front.  It  is,  therefore,  subjected  to  a  very  powerful  pressure  continually 
tending  to  retard  it.  rThoug:h  we  should  be  led,  as  in  hydraulics,  to  conclude 
that  the  resistance  which  air  makes  to  moving  bodies  is  as  the  square^of 
their  velocities,  experiment  appears  to  prove,  especially  when  the  velocity  is 
great,  that  the  resistance  is  partly  proportional  to  the  square,  and  partly  to 
the  simple  powerof  the  velocity. — Playf air's  ^^Nat,  Philosophy ^^^  vol,  1,  page 
276.]  The  rush  of  the  air  flowing  into  the  vacuous  spaces  left  by  moving 
bodies  is  the  cause  of  the  loud  explosions  they  make. 

When  g^ases  of  different  densities  flow  from  apertures  of  the  same 
size,  the  velocities  with  which  they  issue  are  different,  and  are  inversely  as 
the  square  roots  of  their  densities.  The  lighter  a  gas  is,  the  greater  is  its 
issuing  velocity;  and,  therefore,  hydrogen,  which  is  the  lightest  body, 
moves,  under  such  circumstances,  with  the  greatest  speed. 
The  experiment  represented  in  Fig.  45,  illustrates  these  principles.     Let 

there  be  a  tube,  a  6,  naif  an  inch  in 
diameter  and  six  inches  long,  the  end, 
5,  being  open  and  a  closed  with  a  plug 
of  plaster  of  Paris,  which  is  to  be  com- 
pletely dried.  Counterpoise  this  tube 
on  the  arm  of  a  balance,  and  fill  it  with 
hydrogen  gas,  taking  care  to  keep  the 
plug  dry,  letting  the  open  end,  ft,  of  the 
tube  dip  just  beneath  the  surface  of 
some  water  contained  in  a  jar,  C.  In 
a  very  short  time  it  will  be  discovered 
that  the  hydrogen  is  escaping  through 
the  plaster  of  Paris,  and  the  tube,  filling 
with  water,  begins  to  descend;  and  after  a  few  minutes  much  of  the  gas  will 
have  gone  out,  and  its  place  be  occupied  partly  by  atmospheric  air,  which 
oomes  in  the  opposite  direction,  and  partly  by  the  water  which  has  risen  in 
the  tube. 

Even  when  gases  are  separated  from  each  other  by  barriers,  which,  strictly 
speaking,  are  not  porous,  the  same  phenomenon  takes  place.  Thus, 
if  with  the  finger,  we  spread  a  film  of  soap- water  over  the  mouth 
of  a  bottle,  a,  and  then  expose  it  imder  a  jar  to  some  other  gas, 
such  as  carbonic  acid,  this  gas  percolates  rapidly  through  the  film, 
and,  accumulating  in  the  bottle,  distends  the  film  into  a  bubble,  as 
'  represented  in  Fig.  46.    Meanwhile,  a  little  atmospheric  air  escapes 
out  of  the  bottle  through  the  film  in  the  opposite  direction. 
Kg.  46.        This  propensity  of  gases  to  diffuse  into  each  other  is  clearly 
shown  by  filling  a  bottle,  H,   Fig.   47,  with  a  very  light   gas,  as  hy- 
drogen; and  a  second  one,   C,  with  a  heavy  gas,  as  carbonic  acid,  and 
pitting  the  bottles  mouth  to  mouth.      Diffusion  takes  place,  the  light 


Fig.  45. 
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gas  descending  and  the  heavy  one  rising,  until  both  are 
equally  commixed.  We  see,  therefore,  that  this  property  of 
gases  IS  intimately  concerned  in  determining  the  constitution  of 
the  atmosphere,  which  is  made  up  of  different  substances,  some 
of  which  are  light  and  some  heavy — ^the  heavy  ones  no^  sinking 
nor  the  light  ones  ascending,  but  both  kept  equally  commixed  by 
diffusion  into  each  other. 


SECTION  II. — Htdeostatics  autd  Htdeatjlics. 
CHAPTER  IX. 

PEOPEKTTES  OF  LIQUIDS. 

JExtent  and  Depth  of  the  Sea — Its  Influence  on  the  Land — Production  of 
Fresh  Waters — Relation  of  Liquids  and  Gases — Physical  Condition  of 
Liquids — Different  Degrees  of  Liquidity — Florentine  Experiment  on 
the  Compression  of  Water — Oersted^ s  Experiments — Compressibility  of 
ether  Liquids, 

HAvniTG  disposed  of  the  mechanical  propertied  of  atmospheric  air,  which 
is  the  type  of  gaseous  bodies,  in  the  next  place  we  pass  to  the  properties  of 
■water,  which  is  the  representative  of  the  class  of  liquids. 

About  two- thirds  of  the  surface  of  the  earth  are  covered  with  a  sheet  of 
water,  constituting  the  sea,  the  average  depth  of  which  is  commonly  estimated 
at  about  two  miles.  *  This,  referred  to  our  usual  standards  of  comparison, 
impresses  us  at  once  with  an  idea  of  the  great  amount  of  water  investing  the 
globe ;  and,  accordingly,  imaginative  writers  continually  refer  to  the  ocean 
as  an  emblem  of  immensity. 

But,  referred  to  its  own  proper  standard  of  comparison — ^the  mass  of  the 
earth — ^it  is  presented  to  us  under  a  very  different  aspect.  The  distance 
firom  the  surface  to  the  centre  of  the  earth  is  nearly  four  thousand  miles. 
The  depth  of  the  ocean  does  not,  therefore,  exceed  ^^th  part  of  this  extent : 
and  astronomers  have  justly  stated,  that  were  we  on  an  ordinary  artificial 
globe  to  place  a  representation  of  the  ocean,  it  would  scarcely  exceed  in 
thickness  the  film  of  varnish  already  placed  there  by  the  manufacturer. 

In  this  respect  the  sea  constitutes  a  mere  aqueous  film  on  the  face  of  the 
globe.  Yet,  insignificant  as  it  is  in  reality,  it  has  been  one  of  the  chief  causes 
engaged  in  shaping  the  external  surface,  and  also  of  modelling  the  interior 
to  a  certain  depth — ^for  geological  investigations  have  proved  the  former  action 
of  the  ocean  on  regions  now  far  removed  from  its  influence,  in  the  interior 
of  continents ;  and  also  its  mechanical  agency  in  the  formation  of  the  sedi- 
mentary or  stratified  rocks  which  are  of  enormous  superficial  extents  and 
often  situated  at  great  depths. 

Besides  the  salt  waters  of  the  sea,  there  are  collections  of  fresh  waters, 
irregularly  disposed,  constituting  the  different  lakes,  rivers,  &c.  The  direct 
sources  of  these  are  springs,  which  break  forth  from  the  ground,  the  little 
streams  from  which  coalesce  into  larger  ones.    But  the  truesource  of  all  our 
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terrestrial  "wxiters  is  the  sea  itself.  By  the  shining  of  the  sun  upon  it  a 
portion  is  evaporated  into  the  air,  and  tfiis,  carried  away  by  winds  and  con- 
densed again  by  cold,  descends  from  the  atmosphere  as  showers  of  rain,  which, 
being  received  upon  the  ground,  percolates  imtil  it  is  stopped  by  some  less 
pervious  stratum,  and  flowing  along  this  at  last  breaks  out  wherever  there  is 
opportanity  in  the  low  grounds — thus  constituting  a  spring.  Such  streamlets 
coalesce  into  rivers,  which  find  their  way  back  again  to  the  sea,  the  point 
from  which  they  originally  came^an  eternal  round,  which  is  repeated  for 
centuries  in  succession. 

From  these  more  obvious  phenomena  of  K^ature,  we  discover  a  relationship 
between  aerial  and  liquid  bodies — the  one  passing  without  difficulty  intathe 
other  form — and,  indeed,  many  of  the  most  important  events  arouna  us 
depending  on  that  fact.  Experiment  also  shows  that,  in  many  instances, 
substances  which  under  all  common  circumstances  exist  in  the  gaseous  con- 
dition, can  be  made  to  assume  the  liquid.  Thus  carbonic  acid,  which  is  one 
of  tlie  constituents  of  the  atmosphere,  can  by  pressure  be  reduced  to  the  liquid 
form,  and  can  even  be  made  to  assume  that  of  a  solid.  The  main  agents  by 
wliich  such  transmutations  are  effected  are  cold  and  pressure. 

The  parts  of  Hquids  seem  to  have  Httle  cohesion.  Viewing  the  forms  of 
matter  as  being  determined  by  the  relation  of  those  attractive  and  repulsive 
forces  wliich  are  known  to  exist  among  particles,  it  is  believed  in  that  now 
under  consideration — the  liquid — ^that  tiiese  forces  are  in  equilibrio.  For 
this  reason,  therefore,  the  particles  of  such  bodies  move  freely  among  one 
another;  and  liquids,  of  •themselves,  cannot  assume  any  determinate  ^ape, 
but  conform  their  figure  to  the  vessels  in  which  they  are  placed.  Portions 
<yf  the  same  liquid  added  to  one  another  readilv  imite. 

Among  liquids  we  meet  with  what  may  be  termed  different  degrees  of 
liquidity.  Thus  the  liquidity  of  molasses,  oil,  and  water,  is  of  different  de- 
grees. It  seems  as  though  there  was  a  gradual  passage  from  the  solid  to 
this  state,  a  passage  often  exhibited  by  some  of  the  most  limpid  substances. 
Thus  alcohol,  when  submitted  to  an  extreme  degree  of  cola,  assumes  tiiat- 
partial  consistency  which  is  seen  in  melting  beeswax,  yet  at  common  tempera- 
tures it  is  one  of  the  most  mobile  bodies  known.  So,  too,  that  compoimd  of 
tin  and  lead,  which  is  used  by  plumbers  as  a  solder,  though  perfectly  fluid 
at  a  certain  heat,  passes,  in  the  act  of  cooling,  through  various  successive 
«t^es,  and  at  a  particular  point  becomes  plastic  and  may  be  moulded  with 
a  clotli. 

If  a  quantity  of  atmospheric  air  is  pressed  upon  by  any  suitable  contrivance, 
it  shrinks  at  once  in  volume.  We  haye  already  proved  this  phenomenon  and 
determined  its  laws.  If  water  is  submitted  to  the  same  trial,  the  result  is 
Tcry  different — ^it  refuses  to  yield :  for  this  reason,  inasmuch  as  the  same 
fact  applies  to  the  whole  class,  liquids  are  spoken  of  as  incompressible 
bodies. 

It  was  at  one  time  thought  that  the  experiment  of  the  Florentine  acade- 
micians, who  filled  a  gold  globe  with  water,  and  on  compressing  it  with  a 
screw  found  the  water  ooze  through  the  pores  of  the  gold,  proved  completely 
the  incompressibility  of  that  Hquid.*    But  more  recent  experiments  have 

♦  The  experiment  alluded  to  by  Professor  Draper  was  performed  at  the  Academy  Del 
CuneniOf  in  Florence,  more  than  two  centuries  ago,  and  is  now  generally  adduced  to 
]^Te  the  porosity  of  gold  in  common  with  all  other  bodies. 
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shown,  beyond  all  doubt,  that  liquids  are  compressible,  though  in  a  less  de- 
gree than  gases.  Thus,  it  is  a  common 
experiment  to  lower  a  glass  bottle,  filled 
with  water  and  carefully  stopped  with  a 
cork,  into  the  sea.  On  raisu^  it  again 
the  cork  is  often  found  forced  in,  and  the 
water  is  uniformly  brackish.  But  in  a 
more  exact  manner  the  fact  can  be  proved, 
and  even  the  amount  of  compressibility 
measured,  by  Oersted's  machme.  This 
consists  of  a  strong  glass  cylinder,  a  a, 
Fig.  48,  filled  with  water,  upon  which 
pressure  can  be  exerted  by  a  piston  driven 
by  a  screw,  b.  When  the  screw  is  turned 
and  pressure  on  the  liquid  exerted,  it 
contracts  into  less  dimensions,  but  at  the 
same  time  the  glass,  a  o,  yielding,  distends, 
and  the  contraction  of  the  water  becomes  ^^^'  ^°- 
Fig.  48.  complicated^  with  the  expansion  of  the  glass  in  which 

it  is  placed. 

To  enable  us  to  get  rid  of  this  difficulty,  the  instrument,  Fig.  48,  is 
immersed  in  the  cylinder  of  water,  as  seen  at  Fig.  49.  This  consists  of  a 
glass  reservoir,  e,  prolonged  into  a  fine  tube,  c/,  with  a  scale,  ar,  attached 
to  it.  The  reservoir  and  part  of  the  tube  are  fillea  with  water,  and  a  little 
column  of  quicksilver,  ar,  is  upon  the  top  of  the  water,  serving  to  show  its 
position.  On  one  side  there  is  a  gauge,  d,  partially  fiUed  with  air.  It  serves 
to  measure  the  pressure. 

Now,  when  the  instrument,  Fig.  48,  is  put  in  the  cylinder  in  the  position 
indicated  in  Fig.  49,  and  pressure  made  by  the  screw,  6,  it  is  clear  that  the 
water  in  the  reservoir  win  be  compressed,  and  the  glass  which  contains  it 
being  pressed  upon  equally,  internally  and  externally,  will  yield  but  very 
little.  Making  allowance,  therefore,  for  the  small  amount  of  compression 
which  the  glass  thus  equally  pressed  upon  undergoes,  we  may  determine  the 
compressibility  of  the  water  as  the  force  upon  it  varies.  It  thus  appears  that 
water  diminishes  ^^^  part  of  its  volume  for  each  atmosphere  of  pressure 
upon  it.  In  the  same  way  the  compressibility  of  alcohol  has  been  determined 
tobeTnJro 


CHAPTER  X. 

THE  PUESSIJEE   OF  LIQUIDS. 


Division  of  Hydrodynamics — Liquids  seek  their  own  Level  — Equality  of 
Pressure — Case  of  different  Liquids  pressing  against  each  other — Gene- 
ral Law  of  Hydrostatics — Hydrostatic  Paradox — Law  for  Lateral  Pres- 
sures— Instantaneous  communication  of  Pressure — BramaKs  Hydraulic 
Press, 


To  the  science  which  describes  the  mechanical  properties  of  liquids  the 
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title  of  Htbrodtnamics*  is  applied.  It  is  divided  into  two  brandies, 
Hydrostaticsf  *nd  Hydraidics  J  The  former  considers  the  weight  and 
pressure  of  liquids,  the  latter  their  motions  in  canals,  pipes,  &c. 

A  liquid  mass  exposed  without  any  confinement  to  ttie  action  of  gravity 
would  spread  itself  into  one  continuous  superficies,  for  aU  its  parts  gravitatti 
independently  of  one  another,  each  part  pressing  equally  on  all  those  around 
it,  and  being  pressed  on  equally  by  them. 

A  liquid  confined  in  a  receptacle  or  vessel  of  any  kind  conforms  itself  to 
the  solid  walls  by  which  it  is  surrounded,  and  its  upper  surface  is  perfectly 
plane,  no  part  being  higher  than  another.  This  level  of  surface  takes  place 
even  when  different  vessels  communicating  with  each  other  are  used.  Thus, 
if  into  a  glass  of  water  we  dip  a  tube,  the  upper  orifice  of  which  is-  temporarily 
closed  by  the  finger,  but  little  water  will  enter,  owing  to  the  impenetrability 
of  the  air ;  but,  as  soon  as  the  finger  is  removed,  the  liquid  instantly  rises, 
and  finally  settles  at  the  same  level  inside  of  the  tube  that  it  occupies  in  the 
glass  on  uie  outside. 

This  result  obviously  depends  on  the  equality  of  pressure  just  referred  to, 
and  it  is  perfectly  independent  of  the  form  or  nature  of  the  vessel.    If  we  take 
a  tube  bent  in  the  form  of  the  letter  U,  and  _ 

i  closing  one  of  its  branches  with  the  finger,  pour 

water  into  the  other,  as  soon  as  the  finger  is 
removed  the  liquid  rises  in  the  empty  branch, 
and,  after  a  few  oscillatory  movements,  stands 
at  the  same  level  in  both. 

If  one  of  the  branches  of  such  a  tube  is 
much  wider  than  the  other,  the  same  result 
still  ensues.  Thus,  as  in  Fig.  50,  we  might 
have  a  reservoir,  A  F,  exposing  an  area  of 
ten,  or  a  hundred,  or  ten  thousand  times  that  of 
a  tube  rising  from  it,  B  G  C  H ;  but  in  the 
latter  a  liquid  would  rise  no  higher  than  in 
the  former,  both  being  at  precisely  the  same 
level,  A  D.  We  perceive,  therefore,  from  such 
an  experiment,  that  the  pressure  of  liquids  does  not  depend  on 
their  absolute  weight,  but  on  their  vertical  altitude.  The 
great  mass  of  liquids  contained  in  A  exerts  no  more  pressure 
on  C  than  would  a  smaller  mass  contained  in  a  tube  of  the  same 
Fig.  60.      dimensions  as  C  itself. 

♦  From  the  Greek  udor  ("Y^wp)  water,  and  dunamia  {Avvafiig)  power.  [Hydro- 
dyuunics  is  the  science  which  applies  the  principles  of  Dynamics,  t  j  determine  the  con  - 
ditions  of  motion  and  rest  in  fluid  bodies,  and  is  divided  into  four  parts,  according  as 
fluids  are  incompressible  or  elastic,  and  according  as  their  equilibrium  or  their  motion  is 
coniidered.] — Fiayfair*8  **  Nafurcd  Philosophy." 

t  From  the  Greek  udor  (*'T5u>p)  water,  and  stasis  (Sracric)  standing.  [By  hydrosta- 
tics ia  commonly  understood  that  part  of  natural  philosophy  which  considers  the 
equilibrium  and  pressure  of  fluids  in  general,  though  that  word  seems  to  be  restrained 
to  water,  which  is  a  particular  fluid,  and  the  most  obvious  of  all  fluids ;  and  by  means 
of  which  we  shall  make  out  most  of  our  following  conclusions.] — Cote^s  Hydrostaiical 
mid  Pneumatieal  Lectures. 

X  From  the  Greek  udor  CY^wp)  water,  and  atUos  {jLvkh^)  a  pipe  or  tube.  [Hydrau- 
lics is  that  branch  of  natural  philosophy  which  treats  of  the  motions  of  liquids,  the  laws 
\n  whioh  they  are  regul%ted,  and  the  effects  they  produce.]— .5ra«(fe'«  *^ Dictionary  of 
Science,  Literature j  and  Art." 

■a 


Fig.  51. 
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A  variation  of  this  exporiment  will  throw  mnch  light  upon  the  suhject. 
Instead  of  using  one  let  there  be  two  liquids,  of  which  the  specific  gravities 
are  different.  Put  one  in  one  of  the  branches  of  the  tube,  ab  Cy  Fig.  51, 
and  the  other  in  the  other.  I  jet  the  liquids  be  quicksilvei  and  water.  It 
will  be  found,  under  these  circumstances,  that  the  water  does  not  press  the 
quicksilver  up  to  its  own  level,  but  that,  for  every  thirteen  and  a  half  inches 
vertical  height  that  it  has  in  one  of  the  branches  the  quicksilver  has  one  inch 
in  the  other.  Of  course,  as  they  communicate  through  the  horizontal  branch, 
bf  the  quicksilver  must  press  against  the  water  as  stronglj'  as  the  water  presses 
against  it;  if  it  did  not,  movement  would  ensue.  And  such  experiments, 
therefore,  prove  that  it  is  the  principle  of  equality  of  pressures  which  deter- 
mines liquids 'to  seek  their  own  level. 

From  this  it  therefore  appears,  that  a  liquid  in  a  vessel  not  only  exerts  a 
pressure  upon  the  bottom  in  the  direction  in  which  gravity  acts,  but  also 
Lterally  and  upward. 

From  what  was  proved  by  the  experiment  represented  in  Fig.  50,  it  follows 
that  these  pressures  are  by  no  means  necessarily  as  the  mass,  but  in  propor- 
tion to  the  vertical  height.  If  one  hundred  drops  of  water  be  arranged  in  a 
vertical  Hue,  the  lower  one  wiU  exert  on  the  surface  on  which  it  rests  a 
pressure  equal  to  the  weight  of  the  whole.  And  from  such  considerations 
we  deduce  the  general  rule  for  estimating  the  pressure  a  liquid  exerts  upon 
the  base  of  a  vessel.  "  Multiply  the  height  of  the  fiuid  by  the  area  of  the 
base  on  which  it  rests,  and  the  product  gives  a  mass  which  presses  with  the 
same  weight." 

Thus,  in  a  conical  vessel, 
E  C  D  F,  Fig.  52,  the  base, 
C    D,    sustains    a    pressure 
measured    by    the    column 
A  B  C  D.     For  all  the  rest 
of  the  liquid  only  presses  on 
ABC  D  laterally,  and,  rest- 
ing on  the  sides  E  C  and  F  D, 
cannot  contribute    anything 
to  the  pressure  on  the  base,  C  D.     But  in  a  conical  vessel,  E  C  D  F, 
Fig.  6Sf  the  pressure  on  A  B  is  measured  by  A  B  C  D, 
as  before ;  but  the  other  portions  of  the  liquid,  not 
resting  upon  the  sides,  press  also  upon  the  bottom, 
E  F, — and  the  result,  therefore,  is  the  same  as  if  the 
vessel  were  tilled  throughout  to  the  height  C  D. 

This  law  is  nothing  more  than  an  expression  of  the 
fact  that  the  actual  pressure  of  a  liquid  is  dependent 
on  its  vertical  height  and  the  area  of  its  base.  Its 
applications  give  rise  to  some  singular  results.  "  Thus, 
the  hydrostatic  bellows  consists  of  a  pair  of  boards, 
A,  Fig.  54,  united  together  by  leather,  and  from  the 
lower  one  there  rises  a  tube  c  B  c,  ending  in  a  funnel- 
shaped  termination,  e.  If  heavy  weights  are  put  upon 
the  upper  board,  or  a  man  stands  upon  it,  by  pouring 
water  down  the  tube  the  weight  can  be  raised.  It  is 
immaterial  how  slender  the  tube,  and,  therefore,  how 
small  the  quantity  of  water  it  contains,  the  total  pres- 
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Fig.  64. 
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sure  resnltrng  depends  on  the  area  of  the  bellows-boards,  multiplied  by  the 
vertical  height  of  the  tube. 

Theoretically,  therefore,  it  appears  that  a  quantity  of  water,  however 
small,  can  be  made  to  lift  a  weight  however  great — a  principle  sometimes 
spoken  of  as  the  Htdeostatic  Pailldox. 

fiat  liquids  exert  a  pressure  against  the  sides,  as  well  as  upon  the  bases  of 
the  containing  vessel — the  force  of  that  pressure  depending  on  the  height. 
The  law  for  estimating  such  pressure  is,  **  the  horizontal  force  exerted  against 
all  the  sides  of  a  vessel  is  found  by  multiplying  the  sum  of  the  areas  of  aU 
the  sides  into  a  height  equal  to  half  that  at  which  the  liquid  stands." 

When  bodies  are  sunk  in  a  liquid,  the  liquid  exerts  a  pressure  which  de- 
pends conjointly  on  the  surface  of  the  solid  and  the  depth  to  which  its 
centre  is  sunk.     Thus,  if  into  a  deep  vessel  of  water  we  plunge  a  bladder,  to 

the  neck  of  which  a  tube  is  tied,  the 
bladder  and  part  of  the  tube  being  filled 
"with  coloured  water,  it  will  be  seen,  as 
the  bladder  is  sunk,  that  the  coloured 
water  rises  in  the  tube. 

A  pressure  exerted  against  one  por- 
tion of  a  liquid  is  instantly  communi- 
cated throughout  the  whole  mass,  each 
particle  transmitting  the  same  pressure 
to  those  around.  A  striking  illustration 
of  this  is  seen,  when  a  Prince  Kupert's 
drop  is  broken  in  a  glass  of  water,  the 
glass  being  instantly  burst  to  pieces. 
Bramah  s  press,  or  the  hydrostatic 
press,  is  an  illustration  of  the  principle  developed  in  this  lecture — that  every 
particle  of  a  fluid  transmits  the  pressure  it  receives,  in  all  directions,  to 
those  around.  It  consists  of  a  small  metallic  forcing-pump,  o.  Fig.  55,  in 
which  a  piston,  «,  is  worked  by  a  lever,  c  b  d.  This  uttie  pump  communi- 
cates witii  a  strong  cylindrical  reservoir.  A,  in  which  a  water-tight  piston, 
S,  moves,  having  a  stout  flat  head,  P,  between  which  and  a  similar  plate,  R, 
supported  in  a  frame,  the  substance  to  be  compressed,  W,  is  placed.  The 
minder.  A,  and  the  forcing-pump,  with  the  tube  communicatii^  between 
them,  are  filled  with  water,  the  quantity  of  which  can  be  increased  by  work- 
ing the  lever,  d,  Now  it  is  obvious  that  any  force,  impressed  upon  the 
surface  of  the  water  in  the  small  tube,  a,  wUl,  upon  the  principles  just 
described,  be  transmitted  to  that  in  A,  and  the  piston,  S,  will  be  pushed  up 
with  a  force  which  is  proportional  to  its  area,  compared  with  that  of  the 
piston  of  the  littie  cylmder,  a.  If  its  area  is  one  thousand  times  that  of  the 
tittle  one,  it  will  rise  with  a  force  one  thousand  times  as  great  as  that  with 
niiich  the  little  one  descends — ^the  motive  force  applied  at  e?,  moreover,  has 
&e  advantage  of  the  leverage,  in  proportion  as  c  rf  is  greater  than  c  b.  On 
Ihese  principles  it  may  be  shown  that  a  man  can,  without  difficulty,  exert  a 
compressing  force  of  a  million  of  pounds  by  the  aid  of  such  a  machine  of 
comparatively  small  dimensions. 


Fig.  65. 
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CHAPTER  XI. 


SPECIFIC  GaATITY. 


Definition  of  the  term — The  Standards  of  Comparison — Method  for  Solids 
— Case  when  the  Body  is  Liijhter  than  Water — MetJtod  for  Liquids  hy  the 
Thousand' Grain  Bottle — Effects  of  Temperature — Standards  of  Tem- 
perature— Other  Methods  for  Liquids — Method  for  Gases — Effects  of 
Temperature  and  Pressure — The  Hydrometer  or  Areometer. 

By  the  specific  gravity  of  bodies  we  mean  the  proportion  subsisting 
between  absolute  weights  of  the  same  volume.  Thus,  if  we  take  the  same 
volume  of  water  and  copper,  one  cubic  inch  of  each,  for  example,  we  shall 
find  that  the  copper  weighs  8*6  times  as  much  as  the  water :  and  the  same 
holds  good  for  any  other  quantity,  as  Hen  cubic  inches  or  one  cubic  foot. 
When  of  the  same  volume  the  copper  is  always  8*6  times  Uie  weight  of  the 
water. 

Specific  gravity  is,  therefore,-  a  relative  affair.  We  must  have  some  sub- 
stance with  which  others  may  be  compared.  The  standard  which  has  been 
selected  for  solids  and  liquids  is  water ;  that  for  gases  and  vapours,  atmo- 
spheric air. 

When  we  speak  of  the  specific  gravity  of  a  substance  which  is  of  the 
liquid  or  solid  kind,  we  mean  to  express  its  weight  compared  with  the 
weight  of  an  equal  volume  of  water.  Thus,  the  specific  gravity  of  mercury 
is  13*5 ;  that  is  to  say,  a  given  volume  of  it  would  weigh  13*5  times  as  much 
as  an  equal  volume  oi  water.* 

A   TABLE   OF  THE  MEAIf   SPECIFIC  GRAVITIES  OF  VARIOUS  BODIES,   AT  A 
TEMPERATURE  OF  60*»   FAHREITHEIT. 


1.  Solids. 
Platina,  laminated    . . 
-  purified 


Gold,  cast   

— -  harmnered 

standard,  22  carats 

Mercury,  solid  

Lead,  cast  

SilTer,^ammered 

cast 

Sulphuret  of  Mercury  . . 

Bismuth,  cast 

Copper,  <»»t   

Brass,  wire 

cast  

Steel,  soft    

-  tempered  

Nickel,  cast 

Iron,  malleable 

cast  

Tin,  cast 

Ziuc,  cast    

Manganese 

Antimony   

Arsenic       

Natural  Magnet    

Ponderous    Spar     (Sul- 
phate of  Barytes)  .... 

Oriental  Ruby    


22-069 
19-500 
19-2oS 
19-361 
17-486 
13-610 
n-362 
10-610 
10-474 
10000 
9-822 
9-788 
8*644 
8.396 
7-833 
7-816 
7-807 
7*788 
7-207 
7-291 
7190 
6850 
6-702 
6-8843 
4-800 

4*430 
4-283 


Bohemian  Garnet . 
Oriental  Topaz  . . . 
Brazilian  Topaz  . 
Ruby  .. 


Diamond. . 

Fluor  Spar 

Marble,  Parian  white  . . 
Carrara  white  .. 


Rock  Crystal 

Flint    

Selenlte     (Sulphate  .  of 

Lime)  

Common  Salt 

Sulphur,  native 

Phimbago,or  Black  Lead 

Ivory    

Phosphorus   

Lignum  Vitse 

Coal 

Jet    .- 

Ccral    

Ehony 

Oak,  heart  o^  60  years 

felled   

Pitch  

Rosin   

Mahogany  

Amber 

Brazilwood 


4-188 
4-010 
3636 
3-531 
3  521 
3181 
2-837 
2-716 
2-663 
2  691 

2-'322 
2-130 
2-033 
1-860 
1-820 
1-770 
1-327 
1-270 
1-238 
1-210 
1-177 

1-170 
1-150 
1-100 
1-063 
1-040 
1-031 


Beeswax 0*955 

Butter 0*940 

Logwood     0*913 

A8h{dry)    0*838 

Plumtree  (dry) 0^826 

Elm  (dry)    0*801 

Oak  (dry)    0800 

Yew 07fi0 

Crabtree 0700 

Beech  (dry) 0700 

Walnut-tree  (dry) ......  0  650 

Cedar  0*613 

WiUow 0-685 

Fir    0-580 

Poplar 0-38S 

Cork     0-27O 

2.  Flvidb. 

Mercury,  fluid    I3*66S 

OU  of  Vitriol  (Sulphuric 

Acid).. I-840 

Nitric  Acid  (highly  con- 
centrated)    rsss 

(Aqua  Portia)  1*271 

Honey 1-450 

HydroehlorieAcid(Spirit 

of  Salt)    1-194 

Human  Blood    . .   1054 

Milk,  Cows'    103*4 
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^ea* water    1*030,  3.  Ga.beb  akd  Vatouxs,  that 

Serum  of  Human  Blood  1*0^0 1  or  Aixosphxric  Ais  bxivg  1. 

Ale    1-0281 

Vinegar 1026    Atmoepherio  Aii^ I'OOO 

Tar   lOlsl  Ammoniacal 0690 

Water 1*000 ,  Carbonic  Acid    I'6i7 

Diatilled  Water 0*093;  Oxide 0972 

Oil  of  Aniseed    0  986    Carburetted  Hydrogen . .  0*972 

LlnaeedOd    0  932,  Chlorine      2*500 

Brandj 0*927  i  Chlorocarbonous  Acid . .  3*472 

Proof  Spirit   0*916    Chloropruasic  Acid  ....  2153 


OliTe  ( 
OUofTarpentioe  , 
Akohol    


0-913    Cyanogen    1.805 

0*870    Enchlorine 2*440 

0-794    Kluoboric  Acid 3*371 

W.  T,  K.     i   Fluosilicic Acid 3632 


JTydriodio  Acid 4-340 

Hydrogen  0069 

Nitric  Oxide 1041 

Nitrogen     0*978 

Nitrous  Arid 2638 

Nitrous  Oxide ...  1*621 

Oxygen    1*111 

Phosphuretted     Hydro- 
gen     0*902 

Sub-carboretted  Hydro- 
gen    O'oSi 

SuD-pho!(pharetted  Hy- 
drogen           0*973 

Sulphuretted  Hydrogen  0*180 

Sulphurous  Acid 2*222 


Brande't  "  Dictiouary  of  Seienee^  Literature^  and  Art"  1842,    p. 


529. 


Apparently  the  simplest  way  for  the  determination  of  specific  gravities  of 
solids,  wonld  be  to  form  samples  of  a  uniform  volume  ;  as,  for  instance,  one 
cubic  inch.  Their  absolute  weight,  as  determined  by  the  balance,  would  bo 
their  specific  gravities. 

But,  in  practice,  so  many  difficulties  would  be  encountered  in  such  a  pro- 
cess, that  its  results  would  not  furnish  us  with  accurate  information,  whereas 
the  principles  of  hydrostatics  furnish  us  with  far  more  accurate  means  for 
resolving  such  problems. 

To  determine  the  specific  gravity  of  a  solid  body,  it  is  to  be  weighed  first 
in  air  and  then  in  water.*  In  the  latter  instance  it  will  weigh  less  than  in 
the  former,  because  it  displaces  a  quantity  of  the  water  equal  to  its  own 
volume,  and  this  deficit  in  weight  is  the  weight  of  the  water  so  displaced. 
The  weight  in  air  and  the  loss  in  water  being  thus  determined,  to  find  the 
specific  gravity,  *' Divide  the  weight  in  air  by  the  loss  in  water,  and  tho 
quotient  is  £he  specific  gravity." 

**  If  the  body  be  lighter  than  water,  there  must  be  affixed  to  it  some  sub- 
stance sufficiently  heavy  to  sink  it,  the  weight  of  which,  and  also  its  loss  of 
weight  in  water,  are  previously  known.  Deduct  this  weight  from  the  loss  of 
the  bodies  when  immersed  together,  and  divide  the  absolute  weight  of  the 
light  body  by  the  remainder ;  the  quotient  gives  the  specific  gravity." 

For  the  determination  of  the  specific  gravity  of  liquids  several  methods 


♦  To  find  the  specific  gravity  of  bodies. 

1.  Jfit  be  a  aotid  body,  heavier  than  water,  weigh  it  exactly,  first  in  air  and  then  in 
water,  or  some  fluid  whose  specific  gravity  you  know ;  and  let  the  absolute  weight 
of  the  body  =  A,  the  weight  of  the  body  in  water,  &c.  =  B,  the  specific  gravity  of 

A 

water.  &c.  «=  C,  the  specific  gravity  of  the  body  =  D.    Then  will  D  = C,  the 

•pecinc  gravity  01' the  body.  A— B 

2.  For  a  solid  body,  lighter  than  tcater.  Take  any  piece  of  metal,  and  tie  it  to  apiece 
of  the  light  body,  so  that  the  compound  may  sink  in  water ;  and  putting  A,  C,  D,  as  in 
No.  1,  and  £  s=  weight  of  the  metal  in  water,  F  ^  weight  of  the  compound  in  water. 

AC 

XhoLf  D  = the  specific  gravity  of  the  light  body. 

A+E— F 
Z.  For  ajluid.    Take  a  solid  body  of  known  specific  gravity,  which  wUl  sink  in  tho 

A — B 

fluid,  and  putting  the  same  letters  as  in  No.  1 ;  then  will  C B,  the  specific  gravity 

of  the  fluid.  A 

«•!%*  Jhrmeiples  ofUeehmica;'  by  William  Embbson,  with  Notes  by  G.  A.  Smeatok. 
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may  be  resorted  to.  One  of  the  most  simple  is  by  the  thousand-grain  bottle. 
This  consists  of  a  light  glass  flask,  the  stopper  of  which  is  also  of  glass,  with 
a  fine  perforation  through  it.  When  the  bottle  is  tilled  with  distilled  water, 
and  the  stopper  inserted  in  its  place,  any  excess  of  liquid  is  forced  throug:h 
the  perforation,  and  the  bottle,  on  being  weighed,  should  be  found  to  con- 
tain one  thousand  grains  of  the  liquid  exactly. 

If  any  other  liquid  be  in  like  manner  placed  in  this  bottle,  by  merely 
ascertaining  its  weight  we  at  once  determine  its  specific  gravity.  Thus,  if 
it  be  filled  with  oil  of  vitriol  or  muriatic  acid,  it  will  be  found  to  hold  1,845 
grains  of  the  former,  and  1,210  of  the  latter.  These  numbers,  therefore, 
represent  the  specific  gravities  of  the  bodies  respectively. 

This  instrument  enables  us  to  illustrate,  in  a  very  satisfactory  manner,  the 
effect  of  temperature  on  specific  gravity.  It  has  been  said  that  the  thousand- 
grain  bottle  is  so  called  from  its  containing  precisely  one  thousand  grains  of 
water;  but  very  superficial  consideration  satisfies  us  that  this  can  only  be 
the  case  at  a  particular  temperature.  Suppose  the  bottle  is  of  sudh  dimen- 
sions that  at  60°  Fahrenheit  it  contains  exactly  one  thousand  grains  j  if  we 
raise  its  temperature  to  70**  Fahrenheit,  the  water  wiU  expand,  or  if  we 
lower  it  to  50'^  Fahrenheit  it  will  contract,  exactly  as  if  it  were  a  liquid  in  a 
thermometer.  It  is,  therefore,  very  clear  that  temperature  must  always 
enter  into  these  considerations,  and  that  before  we  can  express  the  relation 
of  weight  between  any  substance,  whether  solid  or  liquid,  and  that  of  an 
equal  volume  of  water,,  we  must  specify  at  what  particular  temperature  the 
experiment  was  made.  For  many  purposes  60°  Fahrenheit  is  selected,  and 
for  others  39|°  Fahrenheit,  which  is  the  temperature  of  the  maximum 
density  of  water. 

There  is  a  second  method  by  which  the  specific  gravity  of  fluids  may  be 
known.  It  is  to  weigh  a  given  solid  (as  a  mass  of  glass)  in  the  fluids  to  be 
tried,  and  determine  the  loss  of  weight  in  each  case.  Inasmuch  as  the  solid 
displaces  its  own  volume  of  the  di&rent  liquids,  the  losses  it  experiences 
when  thus  weighed  will  be  proportional  to  the  specific  gravities.  The  fol- 
lowing rule,  therefore,  apphes :  "  Divide  the  loss  of  weight  in  the  different 
liquids  by  the  loss  of  weight  in  water,  and  the  quotients  will  give  the  spe- 
cific gravities  of  the  liquids  under  trial." 

For  the  determination  of  the  specific  gravities  of  gases  a  plan  analogous  in 
principle  to  that  of  the  thousand-grain  bottle  is  resorted  to.  A  light  glass 
flask,  exhausted  of  air,  is  attached  by  means  of  the  stop-cocks  to  the  jar, 
containing  the  gas  to  be  tried.  This  gas  been  passed  through  a  drying-tube 
by  means  of  a  bent  pipe  into  the  jar  over  mercury.  On  opening  the  stop- 
cock the  gas  flows  in,  and  its  weight  may  then  be  determined  by  the 
balance. 

From  the  greater  dilation  of  gases  by  heat,  all  that  has  just  been  said  in 
relation  to  the  effect  of  temperature  on  specific  gravity  applies  here  stlU 
more  strongly.  It  is  to  be  recollected  that  this  form  of  bodies  is,  compared 
with  atmospheric  air,  taken  as  the  standard. 

For  gases  another  disturbing  agency  beside  temperature  intervenes — it  is 
pressure.  Atmospheric  pressure  is  incessantly  varying,  and  the  densities  of 
gases  vary  with  it.  It  is  not  alone  the  thermometer,  but  also  the  barometer, 
which  must  be  .consulted,  and  the  temperature  and  pressure  both  specified. 
Besides,  great  care  must  be  taken,  in  transferring  the  gas  from  the  jars  in 
which  it  is  contained,  that  it  is  not  subjected  to  any  accidental  pressures  in 
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the  apparatas  itself,  and  that  the  flask  in  which  it  is  weighed  is  not  touched 
by  the  hands,  or  submitted  to  any  other  warming  or  cooling  influences. 
[The  determination  of  the  specific  gravity  of  gaseous  substances  is  an  ope- 
ration of  much  greater  delicacy.  From  the  extreme  lightness  of  gases,  it 
would  be  inconvenient  to  compare  them  with  an  equal  bulk  of  water,  and, 
therefore,  .atmospheric  air  is  taken  as  the  standard  of  comparison.  The  first 
step  of  the  process  is  to  ascertain  the  weight  of  a  given  volume  of  air.  This 
is  aone  by  weighing  a  very  light  glass  nask,  furnished  with  a  stop- cock, 
while  full  of  air ;  and  then  weighing  it  a  second  time,  after  the  air  has  been 
withdrawn  by  means  of  the  air-pump.  The  difference  between  the  two 
weights  gives  the  information  required.  According  to  the  observation  of 
Prout,  100  cubic  inches  oipure  and  dry  atmospheric  air,  at  the  temperature 
of  60** ,  and  when  the  barometer  stands  at  30  inches,  weigh  31*0117  grains. 
By  a  similar  method  the  weight  of  any  other  gas  may  be  determined,  and 
its  specific  gravity  be  inferred  accordingly.  For  instance,  suppose  100  cubic 
inches  of  oxygen  gas  are  found  to  weigh  34*109  grains,  its  specific  gravity 
will  be  thus  deduced ;  as  31-0117  :  34-109  :  :  1  (the  specific  gravity  of  air) : 
1*1025,  the  specific  gravity  of  oxygen. — **  Turner's  Chemistry  ^^  edited  by 
Baron  Liehig,'] 

For  the  determination  of  the  densities  of  liquids  there  is  still  another 
method,  often  more  convenient  than  the  former,  and  very  commonly  resorted 
to ;  it  is  by  the  aid  of  instruments  which  pass  under  the  name  of  Hydrometers 
or  Aerometers. 

The  principle  on  which  these  act  is,  that  when  a  body  floats  upon  water, 
the  quantity  of  fluid  displaced  is  equal  in  volume  to  the  volume  of  the  part 
of  the  body  immersed,  and  in  weight  to  the  weight  of  the  whole  body. 

Thus,  a  piece  of  cork  floating  on  the  surface  of  quicksilver,  water,  and 
alcohol,  sinks  in  them  to  very  diflferent  depths :   in  the  quicksilver  but  little, 
in  the  water  more,  and  in  the  alcohol  still  deeper ;   but,  in  every  instance, 
the  weight  of  the  quantity  of  the  liquid  displaced  is  equal  to  that  of  the  cork. 
It  is  plain,  therefore,  that  to  determine  the  specific  gravity  of  a  liquid, 
we  have  only  to  determine  the  depth  to  which 
a  floating  body  will  be  immersed  in  it.     The 
hydrometer  fulfils  these  conditions.     It  con- 
sists of  a  cylindrical  cavity  of  glass.  A,  Fig. 
56,  on  the  lower  part  of  which  a  spherical 
bulb,  B,  is  blown,   the  latter  being  fiUed 
with   a  suitable  quantity  of  small  shot  or 
quicksilver.     From  the  cylindrical  portion, 
A,  a  tube,  C,  rises,  in  the  interior  of  which 
is  a  paper  scale  bearing  the  divisions.      The 
whole  weight  of  the  instrument  is  such  that 
it  floats  in  the  liquid  to  be  tried;    and  if 
that  liquid  is  to  be  compared  with  water, 
and  is  lighter  than  water,  the  zero  of  the 
divided  scale  is  toward  the  lower  end  of  the 


Pig.  56. 


paper ;  but  if  the  Hquid  be  heavier  than  water 
rd  tl  "  '         ' 


Pig.  67. 


{he  zero  is  toward  the  top  of  the  scale.  Tables  are  usually  constructed,  so 
that,  by  their  aid,  when  the  point  at  which  the  hydrometer  floats  in  a  given 
liquid  is  determined  in  any  experiment,  the  specific  gravity  is  expresj^ed 
opposite  that  number  in  the  table. 
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Of  tliese  soale-liydrometers  we  have  sereral  different  kinds,  according  as 
they  are  to  determine  different  liquids.  Among  them  may  be  mentioned 
Beanme's  hydrometer,  an  instrument  of  constant  use  in  chemistry.  In  the 
^er  kinds  of  aerometers  the  weighted  sphere,  B,  Fig.  56,  forms  the  bulb 
of  a  delicate  thermometer,  ihe  stem  of  which  rises  into  the  cavity,  A.  This 
enables  us  to  determine  the  temperature  of  the  liquid  at  the  same  time  with 
its  specific  gravity. 

Nicholson's  gavimeter  is  a  hvdrometer  which  enables  us  to  determine  the 
density  either  of  solids  or  liquids.     It  is  represented  by  Fig.  57. 


CHAPTER  XII. 

HTBEOSTATIC  PRESSURES  AND  FORMiTION  OF  TOTTJSTAINS, 

Fundamental  Fact  of  Hydrostatics — holds  also  for  Gases — Illustrations  of 
Upward  Pressure — Determiyiation  of  Specific  Gravities  of  Liquids  on  these 
principles — Theory  of  Fountains — Cause  of  Natural  Springs — Artesian 
Wells, 

The  fundamental  fact  in  hydrostatics  thus  appears  to  be,  that  as  each 
atom  of  a  liquid  yields  to  the  influence  of  gravity  without  being  restrained 
by  any  cohesive  force,  all  the  particles  of  such  a  mass  must  press  upon  those 
which  are  immediately  beneath  them,  and,  therefore,  the  pressure  of  a  liquid 
must  be  as  its  depth. 

The  same  fact  has  already  been  recognised  for  elastic  fluids,  in  speaking 
of  the  mechanical  properties  of  the  earth's  atmosphere,  which,  for  this  very 
reason,  and  also  from  the  circumstance  that  it. is  a  highly  compressible  body, 
possesses  different  densities  at  different  heights.  The  lower  regions  have  to  sus- 
tain or  bear  up  the  weight  of  all  above  them ;  but  as  we  go  higher  and  higher 
this  weight  becomes  less  and  less,  until  at  the  surface  it  ceases  to  exist  at  all. 
We  have  already  shown,  from  the  nature  of  a  fluid,  such  pressures  are 
propagated  equally  in  all  directions,  upward  and  laterally, 
as  weu  as  downward.  This  imjjortant  principle  deserves, 
however,  a  stiU  further  illustration  from  the  consequences 
we  have  now  to  draw  from  it.  Let  a  tube  of  glassy  a  ft, 
Fig.  58,  have  its  lower  end,  6,  closed  with  a  valve 
slightly  weighted  and  opening  upward,  the  end,  a,  being 
open.  On  holding  the  tube  in  a  vertical  position,  the 
valve  is  kept  shut  by  its  own  weight.  But  if  we  depress 
it  in  a  vessel  of  water,  as  soon  as  a  certain  depth  is 
reached  the  upward  pressure  of  the  water  forces  the  valve, 
Fig.  68  ^^^  ^^®  ^^®  begins  to  till.      Still  further,  if  before  im- 

mersing the  tube  we  fill  it  to  the  height  of  a  few  inches 
with  water,  we  shall  find  that  it  must  now  be  depressea  to  a  greater  depth 
than  before,  because  the  downward  pressure  of  the  included  water  tends 
to  keep  the  valve  shut. 

From  the  same  principles  it  follows,  that  whenever  a  liquid  has  freedom 
of  motion,  it  wiU  tend  to  arrange  itself,  so  that  all  parts  of  its  surface  shal]. 
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be  eqmi-distant  £rom  the  centre  of  the  earth.  For  this  reason  the  surface  of 
water  in  basins,  and  other  reservoirs  of  limited  extent,  is  always  in  a  ho- 
rizontal plane ;  but  when  those  surfaces  are  of  greater  extent,  as  in  the  case 
of  lakes  and  tiie  sea,  they  necessarily  exhibit  a  rounded  form,  conforming  to 
the  figure  of  the  earth.  It  is  also  to  be  remembered  that,  when  liquids  are 
included  in  narrow  tubes,  the  phenomena  of  capillary  attraction  disturb  both 
their  level  and  surface-figure. 

All  liquids,  therefore,  tend  to  find  their  c^n 
level.  This  fact  is  well  illustrated  by  the  instru- 
ment, Fig.  59,  consisting  of  a  cylinder  of  glass,  a, 
connected  by  means  of  a  horizontal  branch  with 
the  tube  5,  which  moves  at  a  tight  joint  at  c.  By 
this  joint,  b  can  be  set  parallel  to  «,  or  in  any  other 
position.  If  a  is  filled  with  water  to  a  given 
height,  the  liquid  immediately  flows  through  the 
horizontal  connecting-pipe,  and  rises  to  the  same 
height  in  b  that  it  occupies  in  a.  Nor  does  it 
matter  whether  b  be  parallel  to  a,  or  set  at  any  inclined  position ;  the  liquid 
spontaneously  adjusts  itself  to  an  equal  altitude. 

The  same  liquid  always  occupies  the  same  level.  But  when  in  the  branches 
of  a  tube  we  have  liquids,  the  specific  gravities  of  which  are  different,  then,  as 
has  already  been  stated  in  Chapter  X.,  they  rise  to  different 
heights.  The  law  which  determines  this  is,  ^^The  heights 
of  different  Jiuids  are  inversely  as  their  specific  gravities,^^ 
If,  therefore,  in  one  of  the  branches  of  a  tube,  a  6,  Fig.  60, 
some  quicksilver  is  poured  so  as  to  rise  to  a  height  of  one 
inch,  it  will  require  in  Hie  other  tube,  b  c,  a  column  of 
water  13|^  inches  long  to  equilibrate  it,  because  the  spe- 
cific gravities  of  quicksilver  and  water  are  as  13  j  to  1. 

A  very  neat  instrument  for  illustrating 
these  facts  is  shown  in  Fig.  61.  It  con- 
sists of  two  long  glass  tubes,  a  6,  which 
are  connected  with  a  small  exhausting 
syringe,  c,  their  lower  ends  being  open  dip 
into  the  cups  w  dy  in  which  the  liquids 
whose  specific  gravities  are  to  be  tried. 
Fig.  60.  are  placed.     Let  us  suppose  they  are  water 

and  «Icohol.  The  syringe  produces  the  same  degree  of  partial 
exhaustion  in  hoth  the  tubes,  and  the  two  liquids,  equally 
pressed  up  by  the  atmospheric  air,  begin  to  rise.  But  it  will 
oe  £ound  that  the  alcohol  rises  much  higher  than  the  water — 
to  a  height  which  is  inversely  proportional  to  its  specific 
gravity. 

,  When  in  the  instrument.  Fig.  59,  we  bend  the  tube  b  upon 
J|»  joint,  so  that  its  end  is  below  the  water-level  in  o,  the 
%ud  now  begins  to  spirt  out ;  or  if,  instead  of  the  jointed 
tttbe,  we  have  a  shorter  tube,  C  c  D,  Fig.  62,  proceeding  from 
tile  reservoir  A  B,  the  water  spouts  from  its  termination 
«ttd  forms  a  fountain,  E  F,  which  rises  nearly  to  the  same  heieht  as  the 
Water-leveL     The  resistance  of  the  air  and  the  descent  of  the  failing  drops 
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shorten  the  altitude  to  which  the  jet  rises  to  a  certain  extent.      On  the  top 
of  the  fountain  a  cork  ball,  G,  maybe  suspended  by  the  playing  water. 

The  same  instrument  may  be  used  to  show  the  equality  of 
the  vertical  and  lateral  pressures  at  any  point.  For  let  the 
tube  D  E,  be  removed  so  as  to  leave  a  circular  aperture  at  c ; 
also  let  C  be  a  plug  closing  an  aperture  in  the  bottom  of 
exactly  the  same  size  as  e, — now,  if  the  reservoir,  A  B,  be 
filled  to  the  height  g,  and  kept  at  that  point  by  continually 
pouring  in  water,  and  the  quantities  of  liquid  flowing  out 
through  the  lateral  aperture  c,  and  the  vertical  one,  C,  be 
measured,  they  will  be  found  precisely  the  same,  showing 
therefore  the  equality  of  the  pressures.;  but  if  an  aperture  of 
the  same  size  were  made  at  /,  the  quantity  would  be  found 
correspondingly  less. 

It  is  upon  these  principles  that  fountains  often  depend. 
The  water  in  a  reservoir  at  a  distance  is  brought  by  pipes  to 
the  jet  of  the  fountain,  and  there  suffered  to  escape.      The 
vertical  height  to  which  it  can  be  thrown  is  as  the  height 
of  the  reservoir,  and  by  having  severajl  jets  variously  ar- 
ranged in  respect  of  one  another,  the  fountain  can  be  made 
to  give  rise  to  different  fanciful  forms,  as  is  the  case  with 
Fig.  62.       many  public  fountains. 
A  simple  method  of  exhibiting  the  fountain  is  shown  in 
Fig.  63.     A  jar,  G,  is  filled  with  water,  and  a  tube,  bent  as 
atabc,  is  dipped  in  it.     By  sucking  with  the  mouth  at  a, 
the  water  may  be  made  to  fill  the  tube,  and  then,  on  being 
left  to  itself,  will  play  as  a  fountain. 

On  similar  principles  we  account  for  the  occurrence  of 
springs,  natural  fountains,  and  artesian  wells.  The  strata 
composing  the  crust  of  the  earth  are,  in  most  cases,  in  posi- 
tions inclmed  to  the  horizon.  They  also  differ  very  greatly 
in  permeability  to  water — sandy  and  loamjr  strata  readily  al- 
lowing it  to  percolate  through  them,  while  its  passage  is  more 
perfectly  resisted  by  tenacious  clays.  On  the  side  of  a  hill, 
the  superficial  strata  of  which  are  jjervious,  but  which  rest 
on  an  impervious  bed  below,  th&  rain  water  penetrates,  and 
being  guided  along  the  inclination,  bursts  out  on  the  sides 
of  the  hill  or  in  the  valley  below,  wherever  there  is  a  weak 
place,  as  where  its  vertical  pressure  has  become  sufficiently  powerful  to  force 
a  way.     This  constitutes  a  common  spring. 

The  general  principle  of  the  artesian  or  overflowing  wells  is  illustrated 

in  Fig.  64.  Let  b'  b  c  d,  he  the 
surface  of  a  region  of  country  the 
strata  of  which,  b'  6,  and  o,  are 
more  or  less  impervious  to  water, 
while  the  intermediate  one,  c,  of  a 
sandy  or  porous  constitution,  allows 
it  a  freer  passage.  When  in  the 
distant  sandy  country,  at  c,  the  rain 
falls,  it  percolates  readily,  and  is  guided  by  the  resisting  stratum  d.    Now  if 
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at  a  abofring  is  made  deep  enougH  to  strike  into  c,  or  near  to  dy  on  the  principle 
wbichwe  haTe  been  explaining,  the  water  will  tend  to  rise  in  that  boring  to 
its  proper  hydrostatic  level,  and  therefore,  in  many  instances,  will  overflow 
at  its  month.  The  region  of  country  in  which  this  water  originally  fell 
maj  have  been  many  miles  distant. 

|lLondon  stands  in  a  hollow,  of  which  the  first  or  innermost  layer  is  a 
baain  of  clajr,  placed  over  chalk,  and  on  boring  through  the  clay  (sometimes 
of  300  feet  in  thickness)  the  water  issnes,  and  in  many  places  rises  con- 
siderably above  the  surface  of  the  ground,  showing  that  there  is  a  higher 
source  or  level  somewhere. — Dr,  Arnotfs  ^^  Elements  of  PAy«ir«,"  Zfd 
edition,  pa^e  275.] 

It  follows,  from  the  action  of  gravity  on  liquids,  that  if  we  have  several 
which  differ  in  specific  gravity  in  the  same  vessel,  they  will  arrange  them- 
selves according  to  their  densities.  Thus,  if  into  a  deep  jar  we  pour  quick- 
silver, solution  of  sulphate  of  copper,  water,  and  alcohol,  they  will  arrange 
themselYes  in  the  order  in  which  they  have  been  named. 


CHAPTER  Xni. 

OP»FLOWIKG  LIQUIDS  AND  HYDRiLULIC  MACHINES. 

Zaws  of  the  Flowtnff  of  Liquids — Determination  of  the  Quantity  Dis- 
charged— Contracted  Vein — Parabolic  Jets — Relative  Velocity  of  the 
parts  of  Streams — Under shoty  Overshot^  and  Breast-TVheels — Common 
Pump — Forcing-Pump —  Vera^s  Pump — Chain- Pump, 

If  a  liquid,  the  particles  of  which  have  no  cohesion,  flows  from  an  aper- 
ture in  the  bottom  of  its' containing  vessel,  the  particles  so  descending  fall 
to  the  aperture  with  a  velocity  proportional  to  the  height  of  the  liquid. 

The  force  and  velocity  with  which  a  liquid  issues  depend,  therefore, .  on 
the  height  of  its  level — ^the  higher  the  level  the  greater  the  velocity. 

As  the  pressures  are  equal  in  all  directions,  and  as  it  is  gravity  which  is 
the  cause  of  the  flow,  "  The  velocity  which  the  particles  of  a  fluid  acquire 
when  issuing  from  an  orifice,  whether  sideways,  upward,  or  downwara,  is 
equal  to  that  which  they  would  have  acquired  ^in  falling  perpendicularly 
from  the  level  of  the  fluid  to  that  of  the  orifice." 

When  a  liquid  flows  from  a  reservoir  which  is  not  replenished,  but  the 
level  of  which  continually  descends,  the  velocity  is  uniformly  retarded ;  so 
that  an  unreplenished  reservoir  empties  itself  through  a  given  aperture  in 
twice  the  time  which  would  have  been  required  for  the  same  quantity  of 
water  to  have  flowed  through  the  same  aperture,  had  the  level  been  con- 
tinnally  kept  up  to  the  same  point. 

The  theorotical  law  for  determining  the  quantity  of  water  discharged  from 
an  orifice,  and  which  is,  that  **the  quantity  discharged  in  each  second  may 
be  obtained  by  midtiplying  the  velocity  by  the  area  of  the  aperture,"  is  not 
found  to  hold  good  in  practice — a  disturbance  arising  from  the  adhesion  of 
the  particles  to  one  another,  from  their  friction  against  the  aperture,  and 
from  the  formation  of  what  is  designated  <' the  connoted  vein."  For  when 
water  flows  through  a  circular  aperture  in  a  plate,  the  diameter  of  the 
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issuing  stream  is  contracted,  and  reaches  its  minimiini  dimensions  at  a 
distance  about  equal  to  that  of  half  the  diameter  of  the  aperture.  This 
effect  arises  from  the  circumstance  that  the  flowing  water  is  not  alone  that 
which  is  situated  perpendicularly  above  the  orifice,  but  the  lateral  portions 
likewise  move.  These,  therefor^  going  in  oblique  directions,  make  the 
stream  depart  irom  the  cylindrical  form,  and  contract  it,  as  has  been 
described. 

By  attachment  of  tubes  of  suitable  shapes  to  the  aperture,  this  effect  may 
be  avoided,  and  the  quantity  of  flowing  water  greatly  increased.  A  simple 
aperture  and  such  a  tube  being  compared  together,  the  latter  was  found  to 
discharge  half  as  much  more  water  in  the  same  space  of  time. 

As  the  motion  of  flowing  liquids  depends  on  the  same  laws  as  that  of 
falling  solids,  and  is  determined  by  gravity,  it  is  obvious  that  the  path  of 
a  spouting  jet,  the  direction  of  which  is  parallel  or  oblique  to  the  horizon, 
wiU  be  a  parabola ;  for,  as  we  shall  hereafter  see,  that  is  the  path  of  a  body 
projected  under  the  influence  of  gravity  in  vacuo.  When  a  liquid  is  suffered 
to  escape  in  a  horizontal  direction  through  the  side  of  a  vessel,  it  may  be 
easily  shown  to  flow  in  a  parabolic  path.  The  maximum  distance  to  which 
a  jet  can  reach  on  a  horizontal  plane  is,  when  the  opening  is  half  the  height 
of  the  liquid. 

[In  consequence  of  the  motion  of  water,  or  other  liquids,  being  subject  to 
the  same  laws  as  falling  bodies,  it  is  evident  that  the  velocity  and  quantity 

of  water  discharged  at  various  depths 
in  rivers  would  be  as  the  square  roots 
of  those  depths,  provided  various 
mechanical  causes  did  not  exist  to 
check  its  force.  Let  A  B  C  D  repre- 
sent a  tank  of  water,  from  which  a 
channel,  B  D  F  I,  slopes  considerably. 
It  will  be  found  that  the  lower  part 
of  the  water  at  D  has  a  velocity  as 
the  square  root  of  the  depth  B  D ; 
the  water  at  F  flows  with  ai  velocity 
proportioned  to  the  square  root  of  the  depth  E  F ;  and  the  water  at  I  as  the 
square  root  G  I.  The  top  water  at  H  has  only  a  velocity  equal  to  that,  of 
the  bottom  water  at  F,  because  it  is  the  same  depth  from  the  line  of  level 
A  B  G ;  and,  therefore,  by  the  same  rule,  we  may  arrive  at  the  velocity  of 
any  part  of  the  channel. 

[A  very  slight  declivity  suffices  to  give  the  running  motion  to  water. 
Three  inches  per  mile,  in  a  smooth,  straight  channel,  gives  a  velocity  of 
about  three  miles  per  hour.  The  Ganges,  which  gathers  the  waters  of  the 
Himalaya  mountains,  the  loftiest  in  the  world,  at  1,800  miles  from  its 
mouth,  is  only  800  feet  above  the  level  of  the  sea — that  is,  about  twice  the 
height  of  St.  Paul's  church  in  London  ;  and  to  fall  these  800  feet  in  its  long 
course,  the  water  requires  more  than  a  month.  The  great  river  Magdalena, 
in  South  America,  running  for  1,000  miles  between  two  ridges  of  the  Andes, 
falls  only  500  feet  in  all  that  distance.  Above  the  commencement  of  the 
thousand  miles,  it  is  seen  descending  in  rapids  and  cataracts  from  the 
mountains. — Dr.  Arnotfs  "  Elements  of  Physics ^^^  page  260.] 

To  measure  the  velocity  of  flowing  water,  floating  bodies  are  used :  they 
drift,  immersed  in  the  stream  under  examination.     A  bottle  partly  filled, 
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With  irater,  so  that  it  will  sink  to  its  neck,  with  a  small  flag  projecting 
answers  very  well ;  or  the  numher  of  revulutions  of  a  wheel  accommodated 
with  float-boards  may  be  counted. 

In  any  stream,  the  velocity  is  greatest  in  the  middle  (where  the  water  is 
deepest),  and  at  a  rortain  distance  from  the  surface. 
From  this  point  it  diminishes  toward  the  banks.  Investi- 
gations of  this  kind  are  best  made  by  Pictot's  stream- 
measurer,  Fig.  66.  It  consists  of  a  vertical  tube,  with 
a  trumpet-shaped  extremity,  bent  at  a  right  angle. 
When  plunged  in  motionless  water  the  level  in  the  tube 
corresponds  with  that  outside,  but  the  impulse  of  a 
stream  causes  the  water  to  rise  in  the  tube  until  its 
vertical  pressure  counterpoises 
the  force. 

The  force  of  flomng  water 
is  often  employed  for  various 
purposes  in  the  arts.  Wehave 
several  different  kinds  of 
water-wheels,  as  the  under- 
shot, the  overshot,  and  the 
breast-wheel.  The  first"  of 
these  consists  of  a  wheel  or 
drum  revolving  upon  an  axis,  and  on' the  peri- 
phery there  are  placed  float-boards,  a  h  c  d  e, 
&c.  It  is  to  be  fixed  so  that  its  lower  floats  are 
immersed  in  a  running  streamer  tide,  and  is  driven  round  by  the  momentum 
of  the  current. 

[It  is  obvious  that  we  may  make  the  diameter  of  an  undershot  wheel  as 
great  as  ^e  please ;  and  that,  the  greater  the  diameter,  the  larger  will  be 
Qie  gain  of  power.  But  in  this,  as  in  all  previous  instances,  what  is  gained  in 
power  is  lost  in  velocity ;  since  a  given  amount  of  movement  in  the  water, 
which  would  carry  a  wneel  of  12  feet  in  diameter  through  a  whole  revolu- 
tion, will  only  carry  a  wheel  of  24  feet  through  half  a  revolution. — Dr. 
Carpenter* 8  "  Mechanical  Philosophy ^^^  page  262.] 
The  overshot-wheel,  in  like  manner,  consists  of  a  cylinder  or  drum,  with 
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a  series  of  cells  or  buckets,  so  arranged  that  the  water  which  is  delivered  by 
a  troiu^h,  A.B,  on  the  uppermost  part  of  the  wheel,  may  be  held  by  the 
descending  buckets  as  long  as  possible.     It  is  the  weight  of  this  water  that 
gives  motion  to  the  wheel  on  its  axis. 
The  breast-wheel,  in  like  manner,  consists  of  a  drum.  woxVtASig  qo.  «el  ^"sKa.^ 
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uku  'aaviuj^  lio«t«boards  on  its  periphery.  It  is  placed  against  a  wall  of  a 
.'•avuiui'  lorm,  ami  the  water  brongiit  to  it  fiUa  the  backeto  at  the  point  A, 
.iau  imiis  the  wiieel,  partly  by  its  momentum^  and  partly  by  its  weight. 

The  inoiit  advanlBgeoiis  diameter  of  the  breast^wheel  will  depend,  like 
that  of  the  overshot-wheel,  upon  ftie  height  of  the  faU.  It  is  obrioos  that 
the  water  does  not  act  equally  in  moring  the  wheel  during  the  whole  of  its 
descent ;  for,  as  the  power  produced  ly  its  weight  always  acts  in  lines 
perpendicular  to  the  earth's  surface,  its  action  at  A  is  in  ^e  direction  A  a, 
and  there&re  the  length  of  leverage  is  only  C  c.  By  the  time  that  the  wheel 
has  moved  round,  so  that  the  weight  is  at  fi,  it 
will  act  in  the  direction  B  6,  and  therefore  with 
the  lever  power  C  d;  and  when  it  has  arrived  at 
D,  it  will  act  with  the  power  of  the  fuU  radius 
I>  C,  It  is  obvious  that  no  weight  of  water  at  £ 
will  have  any  influence  in  turning  the  wheel, 
since  its  pressure  is  in  the  downward  direction, 
E¥;  but  as  soon  as  it  is  acting,  to  the  least 
degree,  on  one  side  of  this,  it  will  begin  to  exert 
a  power  which  continually  increases  until  it 
reaches  1),  after  which  it  will  diminish  in  the 
same  proportion. — Dr,  Carpenter's  *^  Mechanical 
rhiloBffphy,''  page  263.] 
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Wit^  iroto,  so  that  it  will  sink  to  its  neck,  with  a  small  flag  projecting 
answers  very  well ;  or  the  number  of  revulutioHs  of  a  wheel  accommodated 
with  float-boards  may  be  connted. 

In  any  stream,  the  velocity  is  greatest  in  the  middle  (where  the  water  is 
deepest),  and  at  a  &rtain  distance  from  the  surfoce. 
From  this  point  it  diminishes  toward  the  banks.  Investi- 
gations of  this  kind  are  best  made  by  Pictot's  stream- 
measurer,  Fig.  66.  It  consists  of  a  vertical  tube,  with 
a  tmmpet-shaped  extremity,  bent  at  a  right  angle. 
When  plunged  in  motionless  water  the  level  in  the  tube 
corresponds  with  that  outside,  but  the  impulse  of  a 
stream  causes  the  water  to  rise  in  the  tube  until  its 
vertical  pressure  counterpoises 
the  force. 

The  force  of  flowing  water 
is  often  employed  for  various 
purposes  in  the  arts.  Wehave 
several  different  kinds  of 
water-wheels,  as  the  undei- 
shot,  the  overshot,  and  the 
breast-wheel.  The  first  of 
these  consists  of  a  wheel  or 
drum  revolving  upon  an  axis,  and  on' the  peri- 
phery there  are  placed  float-boards,  a  h  c  d  e, 
&c.  It  is  to  be  fixed  so  that  its  lower  floats  are 
immersed  in  a  running  stream  or  tide,  and  is  driven  round  by  the  momentum 
of  the  current. 

[It  is  obvious  that  we  may  make  the  diameter  of  an  undershot  wheel  as 
great  as  ^e  please ;  and  that,  the  greater  the  diameter,  the  lar^  will  be 
the  gain  of  power.  But  in  this,  as  in  all  previous  instances,  what  is  gained  in 
power  is  lost  in  velocity ;  since  a  given  amount  of  movement  in  the  water, 
which  would  carry  a  wheel  of  12  feet  in  diameter  through  a  whole  revolu- 
tion, wiU  only  carry  a  wheel  of  24  feet  through  half  a  revolution. — Dr, 
Carpenter's  "  Mechanical  Philosophy ^^^  page  262.] 
The  overshot-wheel,  in  like  manner,  consists  of  a  cylinder  or  drum,  with 


Fig.  66. 


Fig.  67. 


Fig.  68 


Fig.  69. 


a  aeries  of  cells  or  buckets,  so  arranged  that  the  water  which  is  delivered  by 
a  trouffh,  iuB,  on  the  uppermost  part  of  the  wheel,  may  be  held  by  the 
deaoendia^  backets  as  long  as  possible.    It  is  the  weight  of  this  water  that 
gives  motion  to  the  wheel  on  its  axis. 
The  breast-wheel,  in  like  manner,  consists  of  a  drum  working  on  an  axis, 
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and  liaving  float-boards  on  its  peripliery.  It  is  placed  against  a  wall  of  a 
circular  form,  and  the  water  brou^t  to  it  fills  the  buckets  at  the  point  A, 
and  turns  the  wheel,  partly  by  its  momentum,  and  partly  by  its  weight. 

[The  most  advantageous  diameter  of  the  breast- wheel  will  depend,  like 
that  of  the  overshot- wheel,  upon  fce  height  of  the  fall.  It  is  obvious  that 
the  water  does  not  act  equally  in  moving  the  wheel  during  the  whole  of  its 
descent ;  for,  as  tJie  power  produced  by  its  weight  alwavs  acts  in  lines 
perpendicular  to  the  earth's  surface,  its  action  at  A  is  in  tne  direction  A  a, 
and  therefore  the  length  of  leverage  is  only  C  c.  By  the  time  that  lie  wheel 
has  moved  round,  so  that  the  weight  is  at  B,  it 
will  act  in  the  direction  B  6,  and  therefore  with 
the  lever  power  C  d ;  and  when  it  has  arrived  at 
D,  it  will  act  with  the  power  of  the  full  radius 
DC.  It  is  obvious  that  no  weight  of  water  at  E 
wiU  have  any  influence  in  turning  the  wheel, 
since  its  pressure  is  in  the  downward  direction, 
E  F ;  but  as  soon  as  it  is  acting,  to  the  least 
degree,  on  one  side  of  this,  it  will  begin  to  exert 
a  power  which  continually  increases  until  it 
reaches  D,'  after  which  it  will  diminish  in  the 
same  proportion. — Dr.  Carpenter's  ^^ Mechanical 
Philosophy,'^  page  263.] 


Fig.  70. 


Fig.  71- 


Fig.  72. 


XAiTK^i.  lanosQivr* 


Of  IlKae  tibiee  ijKBS  tike  oTBslMt-vltfiel  is  Ae  nc6(  pii>wvxit^ 
Theie  ir  a  g^cai  Banr  contnTuieies  tor  tke  poipose  «^  nusinir  wmlvr  U^  % 
lii^ifer IpvcL     iJMse  coostinifo  the  diiSenent  varietites  of  ][H(uii{ks.. 

The  aHDHXi  pomp  is  K««s«ited  in  Fir.  71.  It  cvmsi$t$  i>f  thjK^  pdurt» : 
the  soetias-fipe.  ^!e  bozr^L  and  the  ^bton.  The  suetion-nipe^  #  lk»  i$  of 
sidfiaeiit  kaeih.  vi>  reaeh  dovn  to  the  mter,  A.  pK»{^\?^  to  W  ru;Axl  f iv\m 
the  leserrar,  B.  The  bur^  C  B,  is  a  perfeetlT  CTlmdncai  «ivity,  in  irhidb 
the  piston.  P.  moTes.  air-tisht,  np  and  down.  &t  the  iv^«  d.  It  i$  comnKnlv 
msfwed  hy  a  lerer,  hat  in  thie  figure  a  lod  and  liandle^  D  £«  ax«  nepivianit^'dL 
On  ooe  ade  is  the  tspoaSL  S.  At  the  t^  of  the  saetion-pipe«  at  0«  then^  i$  « 
Tabre,  r,  and  also  one  on  the  piston,  at  <>.  Ther  both  open  upwaid.  When 
the  piston  is  Taised  firun  the  bottom  of  the  banel,  and  again  depressed*  it 
exhausts  the  air  in  the  soction-pipe.  and  the  water  rises  from  the  iv^saervoir, 
pressed  up  hr  the  atmosphere.  After  a  {ew  movements  of  the  piston  the 
hanel  hecomes  fiall  of  water,  which,  at  each  snccessive  Hft^  is  thrv^wn  out 
of  tiie  spout,  S.  The  action  of  this  machine  is  Kadily  under:$Ux^«  after 
what  has  been  said  of  the  air-pump,  which  it  dosely  resembles  in  structuT^\ 
In  the  fordng-pon^  the  suction-pipe,  e  R,  is  commonly  short>  and  tho 
pston,  ffj  has  no  Tslve.  On  the  box  at  0  there  is  a  valW«  r,  as  in  tho 
farmer  machine,  and  idien  the  piston  b  moved  upward  in  tho  barrel,  C  ll« 
hj  the  handle,  E,  and  rod,  D  d,  the  water.  A,  rises  from  tho  resi^rvoir,  R, 
and  enters  the  barreL  Boring  jhe  downward  movement  of  tho  piston  tho 
Talve,  r,  shuts,  and  the  water  passes  by  a  channel  round  m,  tliroxi^h  tho 
lateral  pipe,  M  T  M  X ,  into  the  air-vessel,  K  K,  The  ontranoo  to  this  aii^ 
Tessel,  at  P,  is  closed  by  a  valve,  o,  and  there  proceeds  from  it  a  >*ortioal 
tube,  H  G,  open  at  both  ends.  After  a  few  movements  of  the  piston,  tho 
lower  end,  I,  of  this  tube  becomes  covered  with  water,  and  any  further 

quantity  now  thrown  in  compresses  tho  air 
in  the  space,  H  G,  which,  exerting  its  elastic 
force,  drives  out  the  water  in  a  continuous 
jet,  S.  The  reciprocating  motion  of  tho 
piston  may,  therefore,  be  made  to  gi\-o  rist^ 
to  a  continuous  and  imintormitting  stream 
by  the  aid  of  the  air-vessel,  K  K. 

Among  other  hydraulic  maohiuos  may  bo 
mentioned  Vera*s  pump,  more,  howovor, 
from  its  peculiar  construction  tJian  for  any 
real  value  it  possesses.  It  consists  of  ii 
pair  of  pulleys,  over  which  a  n>po  is  mado 
to  run  rapidly  ;  the  lower  one  is  immersed 
in  the  water  to  bo  raised.  By  adhesion  a 
portion  of  the  water  follows  tho  n>po  in  its 
movements,  and  is  discharged  into  a  rooop- 
taole  placed  above.  (Fig  73.) 

The  chain-pump  consists  of  a  series  of 
flat-plates,  rf,  held  together  by  pieces  of  metal,  so  arranged  that,  by  turning 
an  upper  wheel,  c,  the  whole  chain  is  made  to  revolve,  on  one  aide  ascending 
and  on  the  other  descending  and  passing  over  a  lower  wheel.  As  tho  ilat 
plates  pass  upward  they  move  through  a  trunk  of  suitable  shape,  a  6,  and 
therefore  continually  lift  in  it  a  column  of  water.    The  chain-pump  requires 


Fig.  74. 
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deep  water  to  work  in,  and  cannot  completely  empty  its  reservoir,  but  it  has 
the  advantage  of  not  being  liable  to*  be  choked. 


CHAPTER  XIV. 

HTDRiLinJC    MACniXES. 


Archimedes^  Screw — The  Syphon  acts  hy  the  Pressure  of  Air — The  Descent, 
Ascent,  and  Fhatififf  of  Solids  in  Liquids — Quantity  of  Water  displaced 
by  a  FJoating  Solid — Case  where  fluids  of  different  densities  are  used — 
Equilibrium  of  Floating  Solids. 

The  screw  of  Archimedes  is  an  ancient  contrivance,  invented  by  the 
philosopher  whose  name  it  bears,  for  the  purpose  of  raising  water  in  Egypt. 
It  consms  of  a  hollow  screw-thread  wound  round  an  axis,  upon  which  it 
can  be  worked  by  means  of  a  handle.  The  lower  end  of  this  spiral  tube 
dips  in  the  reservoir  from  which  the  water  is  to  be  raised,  and  by  turning 
the  handle  the  water  continually  ascends  the  spire  and  flows  out  at  its  upper 

The  syphon  is  a  tube  with  two  branches,  C  E,  BE,  Fig.  75,  of  unequal 
length  often  employed  in  the  arts  for  the  purpose  of  raising  or  decanting 
'  liquids.  The  methoa  of  using  it  is  first  to  fill  it, 

and  then  placing  the  shorter  branch  in  the 
vessel,  B,  to  be  decanted,  the  liquid  ascends  to 
the  bend  and  runs  down  the  longer  branch.  It 
is  obvious  that  this  motion  arises  from  the 
inequality  of  weight  of  the  columns  in  the  two 
branches.  The  long  column  over-balances  the 
short  one,  and  determines  the  flow ;  but  this 
cannot  take  place  without  fresh  quantities  rising 
through  the  short  branch,  impelled  by  the  pres- 
sure of  the  air.  The  syphon,  therefore,  is  kept 
fall  by  the  pressure  of  the  air,  and  kept  running 
by  the  inequality  of  the  lengths  of  the  columns 
in  its  branches. 

■p-     yg  This  inequali^  is  not  to  be  measured  by  the 

actual  lengths  of  the  glass  branches  themselves, 

but  it  is  to  be  estimated  by  the  difference  of 

level,  A,  of  the  liquid  in  the  vessel  to  be  decanted  and  the  free  end,  D,  of 

the  syphon. 

That  this  instrument  acts  in  consequence  of  the  pressure  of  the  air  is 
shown  by  making  a  small  one  discharge  quicksilver  under  an  air-pump 
receiver.     Its  action  will  cease  as  soon  as  the  air  is  removed. 

By  the  aid  of  a  syphon  liquids  of  different  specific  gravities  may  be  drawn 
out  of  a  reservoir  without  disturbing  one  another,  and  those  that  are  in  the 
lower  part  without  first  removing  those  above.  Upon  the  same  principle 
water  may  be  also  conducted  in  pipes  over  elevated  grounds. 

Of  the  Floating  of  Bodies  in  Liquids, 

A  solid  substance  will  remain  motionless  in  the  interior  of  a  liquid  mass 
when  it  is  of  the  same  specific  gravity.     Under  these  circumstances  the 
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forces  whick  tend  to  make  it  sink  are  its  own  weight  and  the  weight  of  the 
column  of  water  which  is  above  it.  But  as  its  weight  is  the  same  as  that  of 
an  equal  Tolnme  of  the  liquid  in  which  it  is  immersed,  this  downward 
tendency  is  counteracted  and  precisely  equilibrated  by  the  upward  pressure 
of  the  surrounding  liquid.  Consequently  the  solid  remains  motionless  in 
any  position,  precisely  as  a  similar  mass  of  the  liquid  itself  would  be. 

But  if  the  density  of  the  immersed  body  is  greater  than  that  of  an  equal 
bulk  of  the  liquid,  then  the  downward  forces  preponderate  over  the  upweird 
pressure,  and  the  solid  descends. 

K,  on  the  other  hand,  the  solid  is  lighter  than  an  equal  volume  of  the 
liquid,  the  upward  pressure  of  the  surrounding  liquid  overcomes  the  down^ 
ward  tendency,  and  the  body  rises  to  the  surface  and  floats. 

SPECIFIC  GBAVITT. 

In  the  act  of  floating,  the  body  is  divided  into  two  regions :  one  is  im- 
mersed in  the  liquid  and  the  rest  is  in  the  air.  The  part  which  is  immersed 
under  the  surface  of  the  liquid  is  stMih  as  displacesi 
a  quantity  of  that  liquid  as  is  precisely  equal  in 
weight  to  the  floating  solid.  This  may  be  proved 
experimentally.  Fill  a  glass.  A,  with  water  until 
it  runs  off  through  the  spout,  a,  then  immerse  in 
it  a  floating  body,  such  as  a  wooden  ball ;  the  ball 
will  displace  a  quantity  of  water,  which,  if  it  be 
collected  in  the  receiver,  B,  and  weighed,  will  be 
Fig.  76.  found  precisely  equal  to  the  weight  of  the  wood. 

In  any  fluid,  a  solid  body  will  therefore  sink  to 
a  d^th  which  is  greater  as  its  speciflc  gravity  more  nearly  approaches  that 
of  the  liquid.  As  soon  as  the  two  are  equal,  the  solid  becomes  wholly 
immersed. 

In  fluids  of  different  densities  any  floating  body  sinks  deeper  in  that  which 
has  the  smallest  density.  It  will  be  recollected  that  these  are  the  principles 
which  are  involved  in  the  action  of  h}  drometers.  They  are  also  applied  in 
the  case  of  speciflc-gravity  bulbs,  which  are  small  glass  bulbs,  with  solid 
handles,  adjusted  by  the  maker  so  as  to  be  of  different  densities.  When  a 
number  of  these  are  put  into  a  liquid,  some  will  float  and  some  will  sink ; 
hut  the  one  which  remains  suspended,  neither  floating  nor  sinking,  has  the 
same  speciflc  gravity  as  the  liquid.  That  speciflc  gravity  is  determined  by 
the  mark  engraved  on  the  bulb. 

When  a  body  floats  on  the  surface  of  water  it  tends  to  take  a. position  of 
stable  equilibrium.  The  principles  brought  in  operation  here  will  be  more 
folly  described  when  we  come  to  the  study  of  the  centre  of  gravity  of 
bodies.  For  the  present,  it  is  sufficient  to  state,  that  stable  equilibrium 
ensues  when  the  centre  of  gravitv  of  the  floating  solid  is  in  the  same  vertical 
line  as  the  centre  of  gravity  of  tne  portion  of  fluid  displaced,  and  as  respects 
position  beneath  it.  These  considerations  are  of  great  importance  in  the  art 
of  ship-building,  and  also  in  the  right  distribution  of  the  cargo  or  ballast  of 
a  ship. 

The  principle  of  flotation  is  ingeniouslv  appUed  in  the  ball-cock,  an  instru- 
xoent  for  keeping  cisterns  or  boilers  fllled  with  a  regulated  amount  of  water. 
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Thus,  suppose  that  m  n,  Fig.  7*7,  be  the  level  of  the  water  in  the  boiler 
of  a  steam-engine ;  on  its  surface  let  there  float  a 
body,  B,  attached  by  means  of  a  rod,  C,  a,  to  a 
lever,  a  cb,  which  works  on  the  fulcrum  c ;  on  the 
other  side  of  the  lever,  at  6,  let  there  be  attached, 
by  the  rod  6  V,  a  valve,  V,  allowing  water  to  flow 
into  the  boiler,  through  the  feed-pipe,  V  0.  Now, 
as  the  level  of  the  water,  m  n,  in  the  boiler  lowers 
through  evaporation,  the  float,  B,  sinks  with  it, 
and  depresses  the  end,  a,  of  the  lever;  but  the 
end',  6,  rising,  lifts  the  valv^e,  V,  and  allows  the 
water  to  go  down  the  feed-pipe  ;  and  as  the  level 
again  rises  in  the  boiler  the  valve,  Y,  again  shuts. 
Instead  of  a  piece  of  wood  or  hollow  copper-baU, 
a  flat  piece  of  stone,  B,  is  commonly  used :  and  to 
^  Fig.  77-  make  it  float  it  is  counterpoised  by  a  weight,  W, 

on  "the  opposite  arm  of  the  lever. 


SECTION  III.— Of  Rest  and  Motion.— MECHAiacs, 
CHAPTER  XV. 


motion  and  best. 

Causes  of  Motion — Classification  of  Forces — Estimate  of  Forces — Direc- 
tion and  Intensity — Uniform  and  Variable  Motions — Initial  and  Final 
Velocities — Direct,  Rotatory ,  and  Vibratory  Motions, 

All  objects  around  us  are  necessarily  in  a  condition  either  of  motion  or  of 
rest.  [Were  there  no  motion  in  the  universe  it  would  be  dead.  It  would 
be  without  the  rising  or  setting  of  sun,  or  river-flows,  or  morning  winds,  or 
sound  or  light,  or  animal  existence.  To  understand  the  nature  and  laws  of 
the  motions  or  changes  which  are  going  on  around  him,  is  to  man  of  the 
greatest  importance,  as  it  enables  him  to  adapt  his  actions  to  what  is  coming 
in  futurity,  and  often  to  interfere  so  as  to  control  and  direct  futurity  for 
his  special  purposes. — Dr.  Arnotfs  "  Elements  of  Physics.^*']  We  shall 
soon  find  that  matter  has  not  of  itseK  a  predisposition  for  one  or  other  of 
these  states ;  and  it  is  the  business  of  natural  pnilosophy  to  assign  the  par- 
ticular causes  which  determine  it  to  either  in  any  special  instance.  A  very- 
superficial  investigation  soon  puts  t;s  on  our  guard  against  deception.  Things 
may  appear  in  motion  which  are  at  rest,  or  at  rest  when  in  reality  they  are 
in  motion.  A  passenger  in  a  railroad- car  sees  the  houses  and  trees  in  rapid 
motion,  though  he  is  well  assured  that  this  is  a  deception — a  deception  like 
that  which  occurs  on  a  greater  scale  in  the  apparent  revolution  of  the  stars 
from  east  to  west  every  night — ^the  true  motion  not  being  in  them,  but  in  the 
earth,  which  is  turning  in  the  opposite  direction  on  its  axis. 

If  deceptions  thus  take  place  as  respects  the  state  of  motion,  the  same 
.holds  good  as  respects  the  state  of  rest.     On  the  surface  of  the  earth  even 
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those  objects  wHioh  seem  to  us  to  be  quite  stationary  are  not  so  in  reality. 
Motion  IS  described  in  any  particular  case  by  referring  to  centre  objects  and 
certain  standards  of  velocity.  A  man  sitting  on  the  deck  of  a  saifing-ship 
has  common  motion  with  the  ship ;  if  walking  on  the  deck,  he  has  relative 
motion  to  the  ship  ;  but  if  he  be  walking  towards  the  stem,  just  as  fast  as 
the  ship  advances  he  is  at  rest  relatively  to  the  bottom  or  shore.  A  ship 
sailing  against  the  tide,  just  as  fast  as  the  tide  runs,  has  rest  relatively  both 
.  to  the  earth  and  water.  Absolute  motion  is  that  which  is  relative  to  the 
whole  universe,  or  to  the  space  in  which  the  imiverse  exists.  We  have  no 
means  of  ascertaining  such :  for,  although  we  know  how  fast  our  globe  whirls 
upon  its  axis,  and  round  the  sun;  we  have  no  measure  of  the  motion  of  the 
sun  himself — revolving,  probably,  round  some  more  distant  centre,  and  car- 
rying all  the  planets  adong  with  him. 

[Motion  is  called  rapid,  as  that  of  lightning — ^loio^  as  that  of  the  sun- 
dial shadow ;  both  terms  having  reference  to  ordinary  intermediate  velocities. 
It  is  called  straight  or  rectilineal,  in  the  observed  path  of  a  falling  bbdy — •* 
bent,  or  curvilinear ,  in  the  track  of  a  bullet  shot  obhquely —acce/era^e«?,  in  a 
stone  falling  to  the  earth — retarded,  in  a  stone  thrown  upwards  while  rising 
to  the  point  where  it  stops  before  again  descending. — Dr,  Arnott^s  ^^ Elements 
of  JPht/sics.^^'}  Natural  objects,  as  mountains  and  the  various  works  of 
man,  though  they  seem  to  maintain  an  unchangeable .  relation  as  respects 
position  with  all  the  world  for  centuries  together,  are  but  in  a  condition  of 
KELATiVE  REST.  They  are,  of  course,  affected  bv  the  daily  revolution  of  the 
earth  on  its  axis,  and  accompany  it  in  its  annual  movements  round  the  sun. 
Indeed,  as  respects  themselves,  their  parts  are  continually  changing  position. 
Whatever  has  been  affected  by  the  warmjth  of  summer  shrinks  into  smaller 
space  through  the  cold  of  winter.  Two  objects  which  maintain  their  position 
toward  each  other  are  said  to  be  at  relative  and  absolute  rest ;  but  we  make 
a  wide  distinction  between  this  and  absolute  rest.  All  philosophy  leads  us  to 
suppose  that  throughout  the  universe,  there  is  not  a  solitary  particle  which 
is  in  reality  in  the  latter  state. 

Whenever  an  object,  from  a  state  of  apparent  rest,  commences  to  move,  a 
cause  for  the  motion  may  always  be  assigned.  And  inasmuch  as  such  causes 
are  of  different  kinds,  tney  may  be  classified  as  primary  or  secondary  motive 
powers.  The  primary  motive  powers  are  universal  in  their  action.  Such, 
for  instance,  as  the  general  attractive  force  of. matter,  or  gravity.  The 
secondary  are  transient  in  their  effects.  The  action  of  animals,  of  elastic 
springs,  of  gunpowder,  are  examples.  Of  the  secondary  forces,  some  are 
momentary  and  others  more  permanent,  some  giving  rise  to  a  blow  or  shock, 
and  some  to  effects  of  a  continued  duration. 

Forces  may  be  compared  together  as  respects  their  intensities  by 
numbers  or  by  lines.  Thus  one  force  may  be  ^\e,  ten,  or  a  hundred 
times  the  intensity  of  another,  and  that  relation  be  expressed  by  the  appro- 
priate figures.  In  the  same  manner,  by  lines  drawn  of  appropriate  length, 
we  may  exhibit  the  relation  of  forces ;  and,  that  not  only  as  respects  meir 
relative  intensity,  but  also  in  other  particulars.  The  direction  of  motion 
resulting  from  the  application  of  a  given  force  may  always  be  represented  by 
a  straight  line  drawn  from  the  point  at  which  the  motion  commences  toward 
the  point  to  which  the  moving  body  is  impelled.  The  point  at  which  the 
force  takes  effect  upon  the  body  is  termed  the  point  of  application ;  and  tha 
direction  of  motion  is  the  patn  in  which  the  body  moves.    To  this  special 
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designations  are  given  appropriate  to  the  nature  of  the  case,  suoli  as  cur- 
vilinear, rectilinear,  &c. 

Moving  bodies  pass  over  their  paths  with  different  degrees  of  speed.  One 
may  {>ass  through  ten  feet  in  a  second  of  time,  and  another  through  a  thou- 
sand in  the  sane  interval.  We  say,  therefore,  that  they  have  different 
velocities.  Such  estimates  of  velocity  are  obviously  obtained  by  comparing 
the  spaces  passed  over  in  a  given  unit  of  time.  The  unit  of  time  selected  in 
natural  philosophy  is  one  second. 

A  moving  boay  may  be  in  a  state  of  either  uniform  or  variable  motion. 
In  the  former  case  its  velocity  continually  remains  imchanged,  and  it  passes 
over  equal  distances  in  equal  times.  In  the  latter  its  velocity  undergoes 
alterations,  and  the  spaces  over  which  it  passes  in  equal  times  are  different. 
If  the  velocity  is  on  the  increase,  it  is  spoken  of  as  a  uniformly  accehrated 
motion.  If  on  the  decrease,  as  a  uniformly  retarded  motion.  In  these  ciBses 
we  mean,  by  the  term  initial  velocity^  the  velocity  which  the  body  had  when 
it  conimenced  moving,  as  measured  by  the  space  it  would  then  have  passed 
over  in  one  second ;  and,  by  ihe final  velocity^  that  which  it  possessed  at  the 
moment  we  are  considering  if  measured  in  the  same  way.  The  flight  of 
bomb-shells  upward  in  the  air  is  an  instance  of  retardeid  motion ;  their 
descent  downward  of  accelerated  motion.  The  movement  of  the  hands  of  a 
clock  is  an  example  of  uniform  motion. 

There  are  motions  of  different  kinds :  1st,  direct ;  2nd,  rotatory ;  3rd, 
vibratory. 

1st.  By  direct  motion  we  mean  that  in  which  all  the  parts  of  the  whole 
body  are  advancing  in  the  same  direction  with  the  same  velocity. 

2nd.  By  rotatory  motion  we  imply  that  some  parts  of  the  body  are  going 
in  opposite  directions  to  others.  The  axis  of  rotation  is  an  imaginary  line, 
round  which  the  parts  of  the  body  turn,  it  being  itself  at  rest. 

3rd.  By  vibratory  movement  we  mean  that  the  body  which  changes  its 
original  position  with  a  motion  in  the  opposite  direction.  Thus,  the  par- 
ticles of  water  which  form  waves  alternately  rise  and  sink,  and  the  pendulum 
of  a  clock  beats  backward  and  forward.  Tnese  are  examples  of  vibratory  or 
oscillatory  movement. 


CHAPTER  XYI. 

OF  THE  COMPOSITION  AND  EESOLTTTION  Or  FOBCES. 

Compound  Motion  —  Equilibrium  —  Resultant  —  The  Parallelogram  of 
Forces— Case  where  there  are  more  Forces  than  Two— Parallel  Forces — 
Resolution  of  Forces  —  Equilibrium  of  three  Forces  —  Curvilinear 
Motions, 

When  several  forces  act  simultaneously  on  a  body  so  as  to  put  it  in  motion, 
that  motion  is  said  to  be  compound. 

In  cases  of  compoimd  motion,  if  the  component  or  constituent  forces  aU  act 
in  the  same  direction,  the  resulting  effect  will  be  equal  to  the  sum  of  all 
thi^e  forces  taken  together. 


l^ATUBAL  PHILOSOPHY. 


53 


€ 

r 


li 


y 


If  the  oonstitaent  forces  act  in  opposite  directions,  the  resulting  effect  wOl 
he  equal  to  their  difference,  and  its  direction  will  he  that  of  the  greater 
force.  Thus,  if  to  a  knot,  a,  Fig.  78,  we  at- 
tach several  weights,  b  c,  hy  means  of  a  string 
passing  over  a  pulley,  these  weights  wiU 
evidently  tend  to  pull  the  knot  ^om  a  to  e. 
But  if  to  the  same  knot  we  attach  a  weight,  /, 
hy  a  string  passing  over  the  pulley  g,  this  tends 
to  draw  it  in  the  opposite  direction.  When 
the  fights  on  each  side  of  the  knot  act  con- 
jointly, they  tend  to  draw  it  opposite  ways,  _ 
and  it  moves  in  the  direction  of  the  greater       9^ 

force.  ....       ^^^•^'• 

If  two  forces  of  equal  intensity,  but  in  opposite  directions,  act  upon  a  given 
pomt,  that  point  remains  motionless,  and  the  forces  are  said  to  be  in  equilihrio. 
When  there  are  many  forces  acting  upon  a  point  in  equilibrio,  the  sum  of  all 
tiiose  acting  on  one  side  must  be  equal  to  the  sum  of  all  the  rest  which  act 
in  the  opposite  direction. 

By  the  resultant  of  forces  we  mean  a  single  force  which  would  represent  in 
intensity  and  direction,  the  conjoint  action  of 
those  forces. 

If  the  constituent  forces  neither  act  in  the 
same  nor  in  opposite  directions,  but  at  an  angle 
to  each  other,  their  resultant  can  be  found  in 
the  following  manner : — Let  a  be  the  point  on 
which  the  forces  act ;  let  one  of  them  be  re- 
presented in  intensity  and  direction  by  the 
line  a  6,  and  the  other  likewise  in  intensity 
and  direction  by  the  line,  a  c.  Draw  the  lines 
^'^S-  79.  b  d,  c  dy  so  as  to  complete  the  parallelogram, 

a  h  c  d ;  draw  also  the  diagonal,  a  d.  This  diagonal  will  be  the  resultant 
of  the  two  forces,  and  will,  therefore,  represent  their  conjoint  action  in  in- 
tensity and  direction. 

The  operation  of  pairs  of  forces  upon  a  point  is  readily  imderstood.  Thus, 
Ist,  on  a  point  a,  Fig.  80,  let  two  forces,  ab,ac,  act.  Complete  the  paral- 
lelogram a  b,  d  Cy  and  draw  its  diagonal,  a  d.     This  line  will  represent  in 
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intensity  and  direction  the  resultant  force.  2nd — On  a  point,  o.  Fig.  81, 
let  two  forces  again  represented  in  intensity  and  direction  by  the  lines,  a  6, 
a  c,  act.  Complete  me  parallelogram,  a  b  c  dj  draw  its  diagonal,  a,  d, 
which  is  the  resultant,  as  before.  Now,  on  comparing  Fig.  80  with  Fig.  81, 
it  readily  appears  that  the  resultant  of  two  forces  is  greater  as  those  forces 
act  more  nearly  in  the  same  direction,  and  less  as  those  forces  act  more  nearly 
in  opposite  directions. 

Manv  popular  illustrations  of  the  parallelogram  of  forces  might  be  cited. 
The  following  may,  however,  sufl&ce.     If  a  boat  be  rowed  across  a  river  when 


54: 


THE  HOME  TUIOE. 


there  is  no  current,  it  will  pass  in  a  straight  line  from  bank  to  bank  perpen- 
dicularly ;  but  this  will  not  take  place  if  there  is  a  current ;  for  as  tiie  boat 
crosses,  it  is  drifted  by  the  stream,  and  makes  the  opposite  bank  at  a  ^oint 
wbich  is  lower  according  as  the  stream  is  more  rapid.  It  moves  in  a 
diagonal  direction. 

On  the  same  principles  we  can  determine  the  common  resultant  of  many  forces 
acting  on  a  point.  Two  of  the  forces  are  first  taken  and  their  resultant  found. 
This  resiiltant  is  combined  with  the  third  force,  and  a  second  resultant  found. 
This  again  is  combined  with  the  fourth  force,  and 
so  on,  until  the  forces  are  exhausted.  The  final 
resultant  represents  the  conjoint  action  of  all.* 

Thus,  let  there  be  three  forces  applied  to  the 
point  a,  represented  in  intensity  and  direction  bj 
the  lines,  o  6,  a  c,  a  «?,  Fig.  82,  respectively ;  if 
a  b  and  a  c  be  combined  they  give  as  their  resultant 
a  e,  and  if  this  resultant,  a  e,  be  combined  with 
the  third  force,  a  c?,  it  yields  the  resultant,  a  /, 
which,  therefore,  represents  the  common  action  of 
aU  three  forces. 


Fig.  8S. 


Fig.  82. 

The  resultant  of  two  parallel  forces  applied  to 
a  line,  and  on  the  same  side  of  it,  is  ei^ual 
to  their  sum  and  parallel  to  their  jdirection. 
Thus  the  forces  ah,  a'h'y  applied  to  the  line  a  a', 
give  a  resultant  jo  r,  parallel  to  their  common 
direction  and  equal  to  their  sum.     (Fig.  83.) 

But  when  parallel  forces  are  applied  on  oppo- 
site sides  of  a  line,  the  resultant  is  equal  to  their 
difference,  and  its  direction  is  parallel  to  theirs. 
In  this,  as  also  in  the  foregoing  case,  the  point  at  which  the  resultant  acts 
is  at  a  distance  from  the  point  at  which  the  two  forces  act,  inversely  propor- 
tional to  their  intensities.  In  the  foregoing  case  this  point  falls  between  the 
directions  of  the  two  forces,  and  in  the  latter  on  the  outside  of  the  direction 
of  the  greater  force. 

The  parallelogram  of  forces  not  only  serves  to  effect  the  composition  of 
several  forces,  but -also  the  resolution  of  any- 
given  force ;  that  is,  to  assign  several  forces 
which  in  their  intensities  and  directions  shall  be 
equivalent  to  it.  Thus  let  o/,  Fig.  84,  be  the 
given  force ;  by  making  it  the  £agonal  of  a 
parallelogram  it  may  be  resolved  into  its  com- 
ponents, ad,  a  e\  in  the  same  manner,  a  e  may 
be  resolved  into  its  components,  a  c,  ah.  Thus, 
therefore  the  original  force  is  resolved  into  three 
components,  ah,  a  c,  a  d. 
Upon  similar  principles  it  may  be  readily 
proved  that  two  forces  acting  at  any  angle  upon  a  point  can  never  maintain 
that  point  in  eqmlibrio  ;  but  three  forces  may ;  and  in  this  instance,  they 
will  be  represented  in  intensity  and  direction  by  the  three  sides  of  a  triangle, 
perpendicular  to  their  respective  directions. 

If   two  forces  act  upon  a  point  in  the  direction  of  and  in  magnitude 
proportional  to  the  sides  of  a  parallelogram,  that  point  wiU  be  kept  in 
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equilibrio  by  a  third  force  opposed  to  them  in  the  direction  of  the 
diagonal  ana  proportional  to  it.  On  the  table,  a  c?,  Fig.  85,  place  a  cir- 
cular piece  of  paper,  on  which  there  is  drawn  any  triangle,  ah  c^  c  coinciding 
^    ^  with  the  centre  of  the  table ;    and  let  us 

suppose  that  the  sides  of  this  triangle  are, 
as  shown  in  the  figure,  in  the  proportion  to 
on  another,  as  2  3  4.  Draw  upon  the  paper, 
c  €f  parallel  to  a  6,  and  prolong  a  c  to  d. 
Take  three  strings,  making  a  knot  at  the 
point,  c,  and  by  means  of  the  moveable 
pulley,  tttf  stretch  the  strings  over  the  lines 
c  by  c  d,  c  e ;  at  the  end  of  c  d,  suspend  a 
weight  of  four  pounds,  at  the  end  of  c  c  one 
of  three  pounds,  and  at  the  end  of  c  6  one 
of  two  pounds.  The  knot  wiU  remain  in 
equilibrio,  proving  therefore  the  proposi- 
___^  tion. 

J,,     g.  In  the  composition  of  forces  power  must 

^^'      '  always  be  lost.     Thus,  in  this  experiment, 

we  see  that  a  weight  of  three  pounds  and  one  of  two  pounds  equipoise  a 
weight  of  four  pounds  only. 

If  of  two  forces  acting  upon  a  point,  one  is  momentary  and  the  other  con- 

h  stant,  the  point  may  move  in  a  curve.     Thus,  if  in  Fig. 

/^"\  86,  a  shot  be  projected  obliquely  upward  from  a  gun,  it  is 

/        \  under  the  action  of  two  forces — ^the  momentary  force  of 

/  \        the  explosion  of  the  gunpowder,  and  the  constant  effect  of 

«jl  \       the  attraction  of   the  earth.     It  describes,  therefore,  a 

w k_  curvilinear  path,  ah  c,  the  direction  of  which  continually 

declines  towards  the  direction  of  the  constant  force. 
Fig.  86.  j^  jg  Qj^j  when  a  force  acts  in  a  direction  perpendicular 

to  a  body  that  its  fuU  effect  is  obtained.  This  is  easily  proved  by  resolving 
an  oblique  force  into  two  others,  one  of  which  is  perpendicular,  and  the 
other  parallel  to  the  side  of  the  body  acted  upon.  This  latter  force  is,  of 
eoorse,  lost. 


CHAPTER  XYII. 

INEKTIA. 


Inertia  a  Property  of  Matter — Indifference  to  3Iotion  and  Rest — Moving 
Masses  are  Motive  Powers — Determination  of  the  Quantity  of  Motion — 
Momentum — Action  and  Reaction — Newton^ s  Laws  of  Motion — Bohn- 
enberger's  Machine, 

Ail  bodies  have  a  tendency  to  maintain  their  present  condition,  whether 
it  be  of  motion  or  rest.  It  is  only  by  the  exertion  of  force  that  that 
condition  can  be  changed.  A  mass  of  any  kind,  when  at  rest,  resists  the 
application  of  force  to  put  it  in  motion,  and  when  in  motion  resists  any 
attempt  to  bring  it  to  rest.      This  property  is  termed  inertia.    ^[It  is, 
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therefore,  clear  that  the  action  exercised  upon  the  condition  of  motion  of  a 
body  must  depend,  on  the  one  hand,  upon  the  intensity  of  the  force,  and, 
on  the  other,  upon  the  degree  of  inertia  in  the  body. 

[The  larger  the  quantity  of  matter— that  is  to  say,  the. greater  the  mass 
is  on  which  a  force  acts — so  much  greater  will  be  the  resistance  it  offers ; 
and  "we  judge  of  the  mass  of  a  body  by  the  amount  of  resistance  which  it 
can  oppose  by  its  inertia  to  an  accelerating  or  retarding  force. — Professor 
•Mailer  on  Physics  and  Meteorology ,  Lecture  1.] 

It  is  illustrated  by  many  familar  instances :  tnus,  loaded  carriages  require 
the  exertion  of  far  more  force  to  put  them  in  motion  than  is  subsequently 
required  to  keep  them  going,  and  a  train  of  railroad  cars  will  run  for  a 
great  distance  after  the  locomotive  is  detached. 

Universal  experience  shows  that  inanimate  bodies  have  no  power  to  pro- 
duce spontaneous  changes  in  their  condition.  They  are  wholly  inactive. 
Even  when  in  motion  they  exhibit  no  tendency  whatever  to  alter  their  state. 
Thus,  the  earth  rotates  on  its  axis  at  the  same  rate .  which  it  did  thousands 
of  years  ago,  and  the  planetary  bodies  pursue  their  orbits  with  an  unchange- 
able velocity.  A  moving  mass  can  neither  increase  nor  diminish  its  rate  of 
speed ;  for  if  it  could  do  the  former  it  must  necessarily  have  the  power 
spontaneously  to  put  itself  in  motion  if  it  were  in  a  condition  of  rest.  Nor 
can  such  a  mass,  if  in  motion,  change  the  direction  of  its  movements  any- 
more than  it  can  change  its  velocity.  Such  a  change  of  direction  would 
imply  the  operation  of  ^ome  innate  force,  which  of  itseK  could  have  put  the 
mass  in  movement. 

a  Whenever,  therefore,  we  discover  in  a  moving 

Q  body  changes  in  direction  or  changes  in  velocity, 

} o  we  at  once  impute  them  to  the  agency  of  act- 

ing  forces,  and  not  to  any  innate  power  of  the 
^^*    '  •  moving  body  itself. 

If  an  ivory  ball,  a.  Fig.  87,  be  laid  upon  a  sheet  of  paper,  h  c,  on  the 
table,  and  the  paper  suddenly  pulled  away,  the  ball  does  not  accompany  the 
movement,  but  remains  in  the  same  place  on  the  table. 

A  person  jumping  from  a  carriage  in  rapid  motion  falls  down,  because  his 
body,  still  participating  in  the  motion  of  the  carriage,  follows  its  directioa 
after  his  feet  have  struck  the  earth. 

By  the  mass  of  a  body  we  mean  the  quantity  of  matter  contained  in  it- — 
that  is,  the  sum  of  all  its  particles.  The  mass  of  a  body  depends  on  its 
volume  and  density. 

In  consequence  of  their  inertia,  masses  in  motion  are  themselves  motive 

powers.     Such  a  mass  impinging  on  a  second  tends  to  set  it  in  motion* 

^  Thus,  if  a  ball,  a,  Fig.  88,  moving  towards  c, 

Q  Q  impinge  upon  a  second  ball,  6,  of  equal  weight, 

—     \ ^         '  ^     the  two  will  move  together  toward  c,  with  a 

Fig .  88.  velocity  one  half  of  that  which  a  originallv  had. 

In  this  case,  therefore,  a  has  acted  as  a  motive  force  upon  6,  and  it  is  obvious 
that  the  intensity  of  this  action  must  depend  on  the  magnitude  and  velocity 
of  a,  increasing  as  they  increase,  and  diminishing  as  they  diminish.  The 
ball,  a,  is  said,  therefore,  to  have  a  certain  momentum  or  moment,  which 
depends  partly  upon  its  mass  and  partly  upon  its  velocity  *  and  the  momenta 
of  any  two  bodies  may  be  compared  by  multiplying  together  the  mass  and 
velocity  of  each.     Thus,  if  a  body,  A,  has  twice  tiie  mass  of  another,  B,  and 
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mo-ves  -with  the  same  velocity,  the  momentum  of  A  will  be  twice  that  of  B ; 
but  if  A,  havinff  twice  the  mass  of  B,  has  only  half  its  velocity,  the  moments 
of  the  two  wiU  be  equal. 

It  is  upon  this  principle  that  heavy  masses  moving  very  slowly  exert  a 
great  force,  and  that  bodies  comparatively  light,  moving  with  great  speed, 
produce  striking  eflPects.  The  battering-rams  of  the  ancients,  which  were 
heavy  masses  moving  slowly,  did  not  produce  more  powerful  effects  than 
cannon-shot,  which,  though  comparatively  light,  move  with  prodigious  speed. 
From  the  foregoing  considerations,  it  therefore  appears  that  the  amount 
of  motion  depends  neither  upon  the  mass  alone  nor  the  velocity  alone.  A 
certain  mass,  A,  moving  with  a  given  velocity,  has  a  certain  momentum  or 
quantity  of  tnotion.  If  to  A  a  second  equal  mass,  B,  with  a|sunilar  velocity, 
be  added,  the  two  conjointly  will,  of  course,  possess  double  the  momentinn 
of  the  first — the  mass  has  doubled,  .though  the  speed  is  the  same,  and  there- 
fore the  quantity  of  motion  has  doubled.  Again,  if  a  certain  mass.  A, 
moves  with  a  given  speed,  and  a  second  one,  B,  moves  with  a  double  speed, 
•  it  is  obvious  that  this  last  will  have  twice  the  quantity  of  motion  of  the 
former — here  the  masses  are  the  same,  but  .the  velocities  are  different.  The  • 
quantitv  of  motion  or  momentum  which  a  body  possesses  is,  therefore, 
obtained  by  multiplying  together  the  numbers  which  express  its  mass  and 
its  velocity. 

Action  and  JReaction  are  always  equal  to  each  other.  The  resistance 
which  a  given  body  eshibits  is  equal  to  the 
effect  of  any  force  operating  upon  it.  This 
equality  of  action  and  reaction  may  be  shown 
by  an  aparatus  represented  in  Fig.  89,  in  which 
two  balls  of  clay  or  putty,  a  h,  are  suspended 
by  strings  so  as  to  move  over  a  graduated  arc. 
If  one  of  the  balls  be  allowed  to  fall  upon  the 
other,  through  a  given  number  of  degrees,  it 
,  will  communicate  to  it  a  part  of  its  motion,  and 

^  ^      the  following  facts  may  be  observed:    1st.  The 

r  0  1  A"  -  bodies,  after  collision,  move  on  together,  and 

Fig.  89.  therefore  have  the  same  velocity.     2nd.  The 

quantity  of  motion  remains  unchanged,  the  one  having  gained  as  much  as 
the  other  has  lost,  so  that  if  the  two  are  equal  they  will  have  half  the 
velocity  after  impact  that  the  moving  one  had  when  alone.  3rd.  If  equal, 
and  moving  in  opposite  directions  with  equal  velocities,  they  will  destroy 
each  other's  motions  and  come  to  rest.  4th.  If  unequal,  and  moving  in 
opposite  directions,  they  wiU  come  to  rest  when  their  velocities  are  inversely 
as  their  masses.  . 

The  following  three  propositions  are  called  "  Newton's  laws  of  motion.'* 
They  contain  the  results  depending  on  inertia : — 

I.  Every  body  must  persevere  in  its  state  of  rest  or  of  imiform  motion  in 
a  straight  line,  unless  it  be  compelled  to  change  that  state  by  forces  im- 
pa^essed  upon  it. 

II. '  Every  change  of  motion  must  be  proportional  to  the  impressed  force, 
and  must  be  in  the  direction  of  that  straight  line  in  which  the  force  is 
impressed. 

III.  Action  must  always  be  equal,  and  contrarv  to  re-action ;  or  the  action 
of  two  bodies  upon  each  other  must  be  equal,  ana  directed  to  contrary  sides. 
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As  an  example  of  the  operation  of  inertia,  and  illustrating  tlie  invaria- 
bility of  position  of  the  axis  of  the  earth  during  its 
revolution,  I  here  describe  Bohnenberger's  machine. 
It  consists  of  three  moveable  rings,  AAA,  Fig,  90, 
placed  at  right  angles  to  each  other,  and  in  the 
smallest  ring  there  is  a  heavy  metal  ball,  B,  supported 
on  an  axis,  which  also  bears  a  little  roller,  C.  A 
thread,  being  wound  round  this  roller  and  any  par- 
ticular position  being  given  to  the  axis,  by  quickly 
pulling  the  thread  the  ball  may  be  set  in  rapid  rota- 
tion. It  is  now  immaterial  in  what  position  the 
instrument  is  placed ;  its  axis  continually  maintains 
the  same  direction,  and  the  ring  which  supports  it  will 
Fig.  90.  resist  a  considerable  pressure  tending  to  displace  it. 


CHAPTER  XVIII. 

GSAVITATIGX. 

Preliminary  Ideas  of  Motions  of  Attraction — The  Earth  a7id  Failing  Bodies 
— ZaiDS  of  Attraction^  as  respects  Mass  and  Distance — Nature  of  Weight 
— Absolute  and  Specific  Weight — The  Plumb  Line — Convergence  of  such 
Lines  towards  the  EartKs  Centre — Action,  of  Mountain  Masses. 

All  material  substances  exert  upon  each  other  an  attractive  force.  To 
this  the  designation  of  Gravity,  or  Gravitation,  has  been  given.  It  was  the 
great  discovery  of  Sir  Isaac  Newton,  that  the  same  force  which  produces  the 
descent  of  a  stone  to  the  ground  holds  together  the  planets  and  other  celestial 
bodies. 

To  obtain  a  preliminary  idea  of  the  nature  and  operation  of  this  force,  let 
us  suppose  that  two  balls  of  equal  weight  be  placed  in  presence  of  each  other, 
and  under  such  circumstances  that  no  extraneous  agency  supervene  to 
interfere  with  their  mutual  action.  Under  these  circumstances,  all  the 
phenomena  of  Nature  prove  that  the  two  balls  will  commence  moving 
toward  each  other  with  equal  speed,  their  velocity  continually  increasing 
until  they  come  in  contact.  Inasmuch,  therefore,  as  their  masses  are  equal, 
and  their  velocities  equal,  the  quantities  of  motion  they  respectively  possess 
will  also  be  equal,  as  is  proved  in  Chapter  17. 

Again,  let  there  be  other  balls  situated  as  before,  but  let  one  of  them,  B, 

«  A     ^®  twice  as  large  as  A.     Motion  will  again  ensue  by  reason 

^  of  their  mutual  attraction,  and  they  wiU  approach  each  other 

^  ™  with  a  velocity  continually  increasing.     In  this  instance, 

^Fiff  91  however,  their  speed  will  not  be  equal,  the  larger  body,  B, 

®*  *  having  a  correspondingly  less  velocity  than  the  smaller  one, 
A.  If,  as  we  have  supposed,  it  is  twice  as  large,  its  velocity  will  be  only 
one-half.  But  in  this,  as  in  the  former  case,  the  quantity  of  motion  that 
each  possesses  is  the  same,  for  that  depends  on  velocity  and  mass  conjointly. 

Furtlier,  if  of  the  two  bodies  one  becomes  infinitely  less  as  respects  the 
other,  then  it  is  obvious  that  the  little  one  alone  will  appear  to  move.    This 
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eonditioii  is  what  actually  obtains  in  the  case  of  our  earth,  and  hodies 
subjected  to  its  iniiuence.  A  mass  of  any  kind,  the  support  of  which  is 
suddenly  removed,  falls  at  once  to  the  ground,  and  though  in  reality  the 
earth  moves  to  meet  it  just  as  much  as  it  moves  to  meet  the  earth,  the 
difference  in  these  masses  is  so  immeasurably  great  that  the  earth's  motion 
is  imperceptible,  and  may  be  wholly  neglected. 

The  force  by  which  bodies  are  thus  solicited  to  move  to  the  earth  is  called 
terrestrial  gravity,  or  gravitation. 

[Gravity  is  the  reciprocal  attraction  of  matter  on  matter ;  gravitation  is 
the  difference  between  gravity  and  the  centrifugal  force  induced  by  the 
velocity  of  rotation  or  revolution. — Somerville^s  "  Connection  of  the  Physical 
Sciencesy^*  page  437.] 

The  force  of  gravity  depends  on  two  different  conditions :  1st,  the  mass ; 
2nd,  the  distance. 

1st.  The  intensity  of  the  force  of  gravity  is  directly  as  the  mass.  That  is 
to  say,  that,  for  example,  in  the  case  of  the  eaxth,  if  its  mass  were  twice  as 
large,  its  force  of  attraction  would  be  twice  as  great ;  or  if  it  were  only  half 
as  large,  its  attraction  would  only  be  half  as  much  as  it  is. 

2nd.  In  cominon  with  all  other  central  forces,  gravity  dimiuishes  as  the 
distance  increases.  The  law  which  determines  this  is  expressed  as  follows : — 
"  The  force  of  gravity  is  inversely  as  the  square  of  the  distance ; "  that  is  to 
say,  if  a  body  be  placed  two,  tliree,  four,  five  times  its  original  distance 
£rom  another,  the  force  attracting  it  will  continually  diminish,  and  in  those 
different  instances  will  successively  be  four,  nine,  sixteen,  twenty-five 
times  less  than  at  first. 

When  a  body,  instead  of  being  allowed  to  fall  freely  to  the  earth,  is 
supported,  its  tendency  to  descend  is  not  annihilated,  but  it  exerts  upon  the 
supporting  surface  a  degree  of  pressure.  This  pressure  we  speak  of  as 
WEIGHT.  And  inasmuch  as  the  attractive  force  upon  a  body  depends  on 
its  mass,  it  is  obvious  that  if  the  mass  is  doubled,  the  weight  is  doubled ; 
if  the  mass  is  tripled,  the  weight  is  tripled.  Or,  in  other  words,  the  weight 
of  bodies  is  always  proportional  to  their  mass. 

The  absolute  weight  of  a  given  body  at  the  same  place  on  the  earth's 
surface  is  always  the  same ;  for  the  mass,  and  therefore  the  attractive  force 
of  the  earth,  never  changes.  If  by  any  means  the  attractive  influence  of 
the  earth  could  be  doubled,  the  weight  of  every  object  would  change,  and 
be  doubled  correspondingly. 

The  absolute  weight  of  bodies  is  determined  by  balances,  springs,  steel- 
yards, and  other  such  contrivances,  as  will  be  explained  in  their  proper 
place.  Different  units  of  weight  are  adopted  in  different  countries,  and  for 
different  purposes,  as  the  grain,  ounce,  pound,  gramme,  &c. 

In  bodies  of  the  same  nature  the  absolute  weight  is  proportional  to  the 
volume.  Thus  a  mass  of  iron  which  is  twice  the  volume  of  another  mass 
will  also  have  twice  its  weight. 

But  when  we  examine  dissimilar  bodies  the  result  is  very  different.  A 
globe  of  water  compared  with  one  of  copper,  or  lead,  or  wood  of  the  same 
tizey  will  have  a  very  different  weight.  The  lead  will  weigh  more  than  the 
water,  and  the  wood  less. 

This  fact  we  have  already  pointed  out  by  the  term  "  specific  gravity,^*  or 
gpeoific  weight  of  bodies.  And,  inasmuch  as  it  is  obviously  a  relative  thing, 
or  a  matter  of  comparison,  it  is  necessary  to  select  some  substance  which 
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shall  serve  to  compare  other  bodies  with;  for  solids  and  liquids,  water  is 
taken  as  the  nnit  or  standard  of  comparison.  And  we  say  that  iron  is  about 
seven,  lead  eleven,  quicksilver  thirteen  times  as  heavy  as  it ;  or  that  they 
have  specific  gravities  expressed  by  those  numbers.  The  unit  of  comparison 
for  gaseous  and  vaporous  bodies  is  atmospheric  air. 

When  an  unsupported  body  is  allowed  to  fall,  its  path  is  in  a  vertical  line. 
If  a  body  be  suspended  by  a  thread,  the  thread  represents  the  path  in  which 
that  body  would  have  moved.     It  occupies  a  vertical  direction,  or  is  per- 
pendicular to  the  position  which  would  be  occupied  by  a  surface  of  stagnant 
water.     Such  a  thread  is  termed  a  plumb-line.     It  is  of  constant  use  in  the 
arte  to  determine  horizontal  and  vertical  lines. 
If  in  two  positions,  A  B,  Fig.  92,  on  the  earth's  surface,  plumb-lines  were 
suspended,  it  woiild  be  found  that,  though  they  are  per- 
•  pendicular  as  respects  that  surface,  they  are  not  parallel 
to  one  another,  but  incline,  at  a  small  angle,  A  C  B,  to 
each  other.     If  their  distance  be  one  mile,  this  conver- 
gence would  amount  to  one  minute ;  and  if  it  be  sixty 
miles,  the  convergence  will  be  one  degree.     Now,  as  the 
plumb-line  indicates  the  path  of  a  falling  body,  it  is 
easily  understood  that  on  difierent  parte  of  the  earth's 
surface  the  paths  of  falling  bodies  have  the  inclinations 
just  described.      A  little  consideration  shows  that  the, 
descent  of  such  bodies  is  in  a  line  directed  to  the  centre, 
C,  of  the  earth. 

Fig.  92.  That  centre  we  may  therefore  regard  as  the  active 

point,  or  seat  of  the  whole  earth's  attractive  influence. 

When  examinations  with  plumb-lines  are  made  in  the  neighbourhood  of 
mountein  masses,  those  masses  exert  a  disturbing  agency  on  the  plummet, 
drawing  the  line  from  its  true  vertical  position.  But  this  is  nothing  more 
than  what  ought  to  place  on  the  theory  of  universal  gravitation  ;  for  that 
theory  asserting  that  all  masses  exert  an  attractive  influence,  the  resulte 
here  pointed  out  must  necessarily  ensue,  and  the  lateral  action  of  fhe 
mountains  correspondingly  draw  the  plummet  aside. 


CHAPTER  XIX. 

THE  DESCENT  OF  FALLING  BODIES. 

Accelerated  Motion — Different  bodies  fall  with  equal  Velocities — Laws  of 
Descent  as  respects  velocities,  Spaces,  Times — Principle  of  AUwoocTs 
Machine — It  verifies  the  laws  of  Descent — Resistance  of  the  Atmosphere, 

Obsebvation  proves  that  the  force  with  which  a  falling  body  descends 
depends  upon  the  distence  through  which  it  has  passed.  A  given  weight 
falling  through  a  space  of  an  inch  or  two  may  give  rise  to  insignificant 
results :  but  2  it  has  passed  through  many  yards  those  resulte  become  corre- 
spondingly greater. 

Gravity  being  a  force  continually  in  operation,  a  falling  body  must  be 
under  ite,  influence  during  the  whole  period  of  ite  descent.    The  soliciting 
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action  does  not  take  effect  at  the  first  moment  of  motion  and  then  cease,  but 
it  continues  all  the  time,  exerting,  as  it  were,  a  cumulative  effect.  The 
falling  body  may  be  regarded  as  incessantly  receiving  a  rapidly-recurring 
series  of  impulses,  all  tending  to  drive  it  in  the  same  diiection.  The  effect 
of  each  one  is  therefore  added  to  those  of  all  its  predecessors,  and  a  uniformly 
accelerated  motion  is  the  result. 

Falling  bodies  are,  therefore,  said  to  descend  with  a  uniformly  accelerated 
motion. 

As  the  attraction  of  the  earth  operates  with  equal  intensity  on  all  bodies, 
all  bodies  must  fall,  with  equal  velocities.  A  superficial  consideration  might 
lead  to  the  erroneous  conclusion  that  a  heavy  body  ought  to  descend  more 
quickly  than  a  lighter.  But  if  we  have  two  equal  masses,  apart  from  each 
other,  falling  freelv  to  the  ground,  they  will  evidently  make  their  descent  in 
equsl  times  or  witn  the  same  velocity,  ^or  will  it  alter  the  case  at  all  if  we 
imagine  them  to  be  connected  with  each  other  by  an  indexible  line.  That 
line  can  in  no  manner  increase  or  diminish  their  time  of  descent. 

The  space  through  which  a  body  falls  in  one  second  of  time  varies  to  a 
small  extent  in  different  latitudes.  It  is,  however,  usually  estimated  at 
sixteen  feet  and  one-tenth. 

As  the  effect  of  gravity  is  to  produce  a  uniformly  accelerated  motion,  the 

£nal  yelocities  of  a  descending  body  will  increase  as  the  times  increase;. 

thus,  at  the  end  of  two  seconds,  that  velocity  is  twice  as  great  as  at  one ;  at 

'the  end  of  three  seconds  three  times  as  great ;  at  the  end  of  four,  four  times, 

and  so  on.     Therefore  the  final  velocity  at  the  end 

Of  the  first  second  is  .         .         .  32ifeet. 

„      second  „  ...  64f   „ 

„•    third    „  ...  96f   „ 

&c.,      „  &o. 

The  spaces  through  which  the  body  descends  in  equal  successive  portions 
of  time  increase  as  the  numbers  1.3.5.7,  &c. !  that  is  to  say,  as  the  body 
descends  through  sixteen  feet  and  one-tenth  in  the  first  second,  the  subse- 
quent spaces  will  be 

For  the  first  second       .        .        .       Ifijjj  feet. 
„       second,,  ...         .       48-^   „ 

„       third    „  .         .         .      80A  „ 

&c.,  &c. 

and  these  numbers  are  evidently  as  1.3.5,  &c. 

The  entire  space  through  wmch  a  body  falls  increases  as  the  squares  of 
the  times.     Thus,  the  entire  space  is, 

For  the  first  second        •        .        .      16^  feet. 
„       second,,  •         .         .       64J    „ 

„      third    „  ...     144^1^  „ 

&c.,  &c. 

tmd  these  numbers  are  evidently  as  1.4.9,  &c.,  which  are  themselves  the 
squares  of  the  numbers  1.2.3,  &c. 

If  a  body  continued  falling  with  the  final  velocity  it  had  acquired  after 
jhlling  a  given  time,  and  the  operation  of  gravity  were  then  suspended,  it 
would  descend  .in  the  same  lei^th  of  time  through  twice  the  space  it  fell 
through  before  relieved  from  the  action  of  gravity. 
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The  following  Table  embodies  the  results  of  the  three  first  laws : — 


Times 

Final  velocities  . 
Space  for  each  time 
Whole  spaces     . 


1.2.3.4.5.6.7,  &c. 
2.4.6.8.10.12.14,  &c. 
1.3.5.7.9.11.13.  &c. 
1.4.9.16.25.36.49,  &c. 


/^^ 


i6 


Ot 


Fig.  93. 


It  would  not  be  easy  to  confirm  these  results  bv  experiments  directly  made 
on  falling  bodies,  the  space  described  in  the  iist  second  being  so  great 
(more  than  sixteen  feet),  and  the  spaces  increasing  as  the  squares  of  fhe 
times.  There  is  an  instroment,  however,  known  as  Attwood's  machine,  in 
which  the  force  of  gravity  being  moderated  without  anv  change  in  its  essen- 
tial characters,  we  are  enabled  to  verify  the  foregoing  laws. 
The  principle  of  Attwood's  machine  is  this.  Over  a  pulley.  A,  Fig.  93,  let 
there  pass  a  fine  silk  line  which  suspends  at  its  extremities 
equal  weights,  b  c.  These  weights,  being  equally  acted  upon 
by  gravity,  will  of  course  have  no  disposition  to  move ;  but 
• — I  r-Ti  now  to  one  of  the  weights,  c,  let  there  be  added  another  much 
\^}:^  smaller  weight ;  these  conjointlj,  preponderating  over  b,  will 
descend,  b  at  the  same  tune  rising.  It  might  be  supposed 
that  the  small  additional  weight,  under  these  circumstances, 
would  fall  as  fast  as  if  it  were  unsupported  in  the  air ;  but  we 
must  not  forget  that  it  has  simul- 
taneously to  bring  down  with  it 
the  weight  to  which  it  is  at- 
tached, and  also  to  lift  the  opposite 
one.  By  its  gravity,  therefore,  it 
does  descend,  but  with  a  velocity 
which  is  less  in  proportion  as  the  difference  be- 
tween the  two  weights  to  which  it  is  afi^ed  is  less 
than  their  sum.  It  ^ves  us  a  force  precisely  like 
gravity — indeed  it  is  gravity  itself — operating 
under  such  conditions  as  to  allow  a  moderate 
velocity. 

To  avoid  friction  of  the  axle  of  the  pulley, 
each  of  its  ends  rests  upon  two  friction- wheels,  as 
is  shown  at  Q,,  Fig.  94 ;  P  is  the  pillar  which  sup- 
ports the  pulley.  One  of  the  weights  is  seen  at 
Of  the  other  moves  in  front  of  the  divided  scale,  c  d. 
This  last  weight  is  made  to  preponderate  by  means 
of  a  rod.  There  is  a  shelf  which  can  be  screwed 
opposite  any  of  the  divisioiis  of  the  s6ale,  and  the 
arrival  of  the  descending  weight  at  that  point  is 
indicated  by  the  sound  arising  from  its  striking. 
A  clock,  R,  indicates  the  time  which  has  elapsed. 
To  enable  us  to  fulfil  the  condition  of  suspending 
the  action  of  gravity  at  any  moment,  a  shelf,  in 
the  form  of  a  ring,  is  screwed  upon  the  scale  at 
the  point  required.  Through  this  the  descending 
weight  can  freely  pass,  but  the  rod  which  caused 
the  preponderance  isjintercepted.    The  equality  of 


Fig.  94. 
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the  two  weights,  is,  therefore,  reassuined,  and  the  action  of  gravity  vir- 
taally  suspended. 

By  this  machine  it  may 'be  shown  that,  in  order  that  the  descending 
weight  shall  strike  the  ring  at  intervals  of  1,  2,  3,  4,  &c.,  seconds,  counting 
from  the  time  at  which  its  fall  commences,  the  ring  must  be  placed  at  dis- 
tances from  tiie  zero  of  the  scale,  which  are  as  the  numbers  1,  4,  9,  16,  &c. ; 
and  these  are  the  squares  of  the  times.  And  in  the  same  manner  may  the 
other  laws  of  the  falling  of  bodies  be  proved. 

[Galileo  himself  made  experiments  regarding  the  free  descent  of  bodies, 
which  were  subsequently  repeated  by  Piccioli  and  Grimaldi  from  the  tower 
of  Degli  Assinelli  in  Bologna.  Dechalles  ^las,  however,  made  the  most 
accurate  observations  on  the  subject.  The  spaces  through  which  bodies  fall 
are  always  smaller  than  we  might  be  led  to  expect  from  theory.  This 
difference  depends,  however,  solely  upon  the  resistance  of  the  air,  which 
increases  in  accordance  with  the  square  of  the  velocity.  In  the  falling- 
machine  of  Attwood,  and  the  falling-channel,  the  resistance  of  the  air  does 
not  influence  the  results. — Professor  Miiller  on  Physics  and  Meteorology y 
Lecture  10.] 

When  a  body  is  thrown  vertically  upward,  it  rises  with  an  equably 

retarded  motion,  losing  32^  feet  of  its  original  velocity  every  second.     If  in 

vacuo,  it  would  occupy  as  much  time  in  rising  as  in  falling  to  acquire  its 

original  velocity,  and  the  time  expended  in  the  ascent  and  descent  would 

•  be  the  same. 

Forces  which,  like  gravity,  in  this  instance  produce  a  retardation  of 
motion,  are  nevertheless  designated  as  accelerating  forces.  Their  action  is 
such  that,  if  it  were  brought  to  bear  on  a  body  at  rest,  it  would  give  rise 
to  an  accelerated  motion. 

In  rapid  movements  taking  place  in  the  astmosphere,  a  disturbing  agency 
arises  in  the  resistance  of  the  air — a  disturbance  which 
becomes  the  more  striking  as  the  descending  body  is 
lighter,  or  exposes  more  surface.  If  a  piece  of  gold  and 
a  feather  are  suffered  to  drop  from  a  certain  height,  the 
gold  reaches  the  ground  much  sooner  than  the  feather. 
Thus,  if  in  a  tall  air-pump  receiver  we  allow,  by  turn- 
ing the  button,  a.  Fig.  95,  a  gold  coin  and  a  feather  to 
drop,  the  feather  occupies  much  longer  than  the  coin  in 
effecting  its  descent ;  and  that  this  is  due  to  the  resist- 
ance of  the  air  is  proved  by  withdrawing  the  air  from 
the  receiver,  and,  when  a  good  vacuum  is  obtained, 
making  the  coin  and  the  feather  fall  again.  It  wiU 
now  be  found  that  they  descend  in  the  same  time 
precisely,  as  shown  in  the  a,bove  diagram. 

Nor  is  it  alone  light  bodies  which  are  subject  to  this 
disturbance  :  it  is  conunon  to  all.  Thus,  it  was  found 
that  a  ball  of  lead,  dropped  fi'om  the  dome  of  St.  Paul's 
Cathedral,  in  London,  occupied  4J  seconds  in  reaching 
the  pavement,  the  distance  being  272  feet.  But  in 
that  time  it  should  have  fallen  324  feet,  the  retardation 
being  due  to  the  resistance  of  the  air. 
It  has  been  observed  that  the  force  of  gravity  is  not  the  same  on  al 
parts  of  the  earth.    The  distance  fallen  through  in  one  second  at  the  pole 
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is  16*12  feet;  but  at  the  equator  it  is 
the  circnmstaiice  that  the  earth  is  not  a 
perfect  sphere,  its  polar  diameter  being 
shorter  than  its  equatorial,  and,  therefore, 
bodies  at  the  poles  are  nearer  to  its  centre 
than  at  the  equator.  Thus,  in  Fi^.  96,  let 
N  8  represent  the  globe  of  the  earth,  N  and 
8  being  the  north  and  south  poles,  respec- 
tively. Owing  to  its  polar  Deing  shorter 
than  its  equatorial  diameter,  bodies  situated 
at  different  points  on  the  surface  may  be  at 
very  different  distances  from  the  centre, 
and  the  force  of  gravity  exerted  upon 
them  may  be  correspondingly  very  dif- 
ferent. 


1601 


arises  from 


Fig.  96. 


CHAPTER  XX. 


MOTION  OP  INCLINED  PLANES. 

Case  of  a  Horizontal,  a  Vertical,  and  an  Inclined  Plane — Wekfht  expended 
partly  in  producing  pressure  and  partly  motion — Laio  of  Vescent  down 
Inclined  Planes — Systems  of  Planes— Ascent  up  Planes — PardboUe 
theory  of  Projectiles — Disturbing  agency  of  the  Atmosphere — JResistanee 
to  Cannon  Shot — Ricochet — BaUistic  Pendulum, 

When  a  spherical  body  is  placed  on  a  plane  set  horizontally,  its  whole 
gravitation  is  expended  in  producing  a  pressure  on  that  plane.  If  the  plane 
IS  set  in  a  vertical  position  the  body  no  longer  presses  upon  it,  but  descends 
vertically  and  unresisted.     At  all  intermediate  positions  which  may  be 

fiven  to  the  plane,  the  absolute  attraction  will  be  partly  expended  in  pro- 
ucing  a  pressure  upon  that  j)lane,  and  partly  in  producing;  an  accelerated 
descent.  The  quantities  of  force  thus  relatively  expended  in  producing  the 
pressure  and  the  motion  will  vary  with  the  inclination  of  the  plane :  that 
portion  producing  pressure  increasing  as  the  plane  becomes  more  horizontal, 
and  that  producing  motion  increasing  as  the  plane  becomes  more  vertical. 
Let  there  be  a  ball  descending  on  thie  surface  of  an  inclined  plane,  A  B, 

Fi^.  97,  and  let  the  line,  d  e,  represent  its 
weight  or  absolute  gravity.     By  the  paral- 
lelogram of  forces  we  may  decompose  this 
^^^^  into  two  other  forces,  d  f,  and  d  g,  one  of 

^^^sC  which  is  perpendicular  to  the  plane,    and 

the  other  parallel  to  it.     The  hrst,  there- 
fore,  is  expended  in  producing  pressure 

C ^^N^n  upon  the  plane,  and  the  second  in  pro- 

ducing  motion  down  it. 
The  following  are  the  laws  of  the  descent 
Fig.  97.  of  bodies  down  inclined  planes : 
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Tlie  pressxire  on  the  inclined  plane  is  to  the  weight  of  the  body  as  the 
base,  B  C,  of  the  inclined  plane,  is  to  its  length,  A  B. 

The  accelerated  motion  of  a  descending  body  is  to  that  which  it  would 
have  had  if  it  fell  freely,  as  the  height,  A  C,  of  the  plane  is  to  its  lenfftii,  A  B. 
the  final  velocity  which  the  descending  body  acquires  is  equsd  to  that 
which  it  would  have  had  if  it  had  fallen  freely  through 
a  distance  equal  to  the  height  of  the  plane ;  and,  there- 
fore, the  velocities  acquired  on  planes  of  equal  heights, 
but  unequal  inclinations,  are  equal. 

[It  matters  little  what  may  be  the  inclination  of  the 

plane  along  which  a  body  moves ;  the  force  must  be 

calculated  in  the  same  manner ;  i,  e. ,  by  the  parallelogram 

of  forces.     For  example,  suppose  tnat  the  plane  was 

very  oblique,  as  E  F,  in  Fig.  98,  then  we  should  say  that 

C  the  line,  D  C,  was  almost  equal  to  the  line  D  B  ;  and 

hence  that  the  force  of  the  ball,  D,  moving  on  the 

inclined  plane,  E  F,  would  differ  very  little  from  the 

■  force  of  the  same  body  faUirig  through  air,  and  un- 

„.     ^„  obstructed  otherwise  than  by  the  resistance  of  the  atmo- 

^'?-98-  sphere.  .        ' 

The  space  passed  through  by  a  body  falling  freely  is  to  that  gone  over  an 

inclined  plane,  in  equal  times,  as  the  length  of  the  .]plane  is  to  its  height. 

[Galileo  made  several  experiments  with  the  inclined  plane  toT  the 
purpose  of  determining  if  the  laws 
of  railing  bodies  were  correct.  It 
is  easy  to  see  for  ourselves,  and 
Uierefore  we  will  try  an  experi- 
ment with  Galileo's  inclined  plane. 
Here  is  a  narrow  channel  of  wood, 
a  b,  which  is  made  for  the  purpose 
of  trying  this  experiment,  naving 
its  inside  made  perfectly  smooth  { 
it  is  twelve  feet  long,  and  divided  into  feet  and  inches  on  the  inside,  and 
marked  so  that  any  person  can  readily  distinguish  the  figures.  Let  us 
place  one  end,  b,  upon  some  stones,  c  d^  so  as  to  raise  it  above  the  other  end, 
u.  We  will  now  place  a  ball  in  the  channel,  at  the  ujpper  part,  6,  and  you 
will  see  that  when  it  is  liberated,  it  will  roll  rajpidly  down 
the  channel,  and  also  that  the  spaces  traversed  in  1,  2,  3, 
and  its  seconds,  are  as  the  squares  of  the  time  necessaiy  to 
traverse  the  spaces.  By  this  experiment  we  learn  what  are 
the  true  laws  of  gravitation,  and  discover  that  gravity  is  an 
uniform  accelerating  force.] 

If  a  series  of  inclined  planes  be  represented,  in  position 
and  length,  by  the  chords  of  a  circle  terminating  at  the 
extremity  of  the  vertical  diameter,  the  times  of  descent 
down  each  will  be  equal,  and  also  equal  to  the  time  of  de  - 
scent  through  that  vertical  diameter.  Thus,  let  A  D,  A  G, 
D  B,  G  B,  1^  chords  of  a  circle  terminating  at  the  extremities, 
A  B,  of  the  vertical  diameter,  and  regarding  these  as  inclined 
planes,  a  body  will  descend  from  A  to  D,  or  A  to  G,  or  D  to  B,  or  G  to  B 
in  the  same  time  that  it  would  fall  from  A  to  B. 


Fig.  99. 


Fig.  100. 
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If  a  body  descend  down  a  system  of  several  planes,  A  C,  Fig.  101,  with 
different  inclinations,  it  would  acquire  the  same  ve- 
locity as  it  would  have  had  in  descending  through 
the  same  vertical  height,  A  B,  though  the  times  of 
descent  are  unequal. 

If  a  body  which  has  descended  an  inclined  plane 
meets  at  the  foot  of  it  a  second  plane  of  equal  altitude, 
it  will  ascend  this  plane  with  tne  velocity  acquired  in 
coming  down  the  first,  until  it  has  reached  the  same 
altitude  from  which  it  descended.  Its  velocity  being 
,  now  expended,  it  will  re-descend,  and  ascend  the  first 
plane  as  before,  oscillating  down  one  plane,  up  the 
Fig.  101.  other,  and  then  back  again.     The  same  thing  will  take 

place  if,  instead  of  being  over  an  inclined  plane,  the  motion  be  made  over  a 
curve,  as  in  Fig.  102.     In  practice,  however, 
the  resistance  of  the  air  and  friction  soon 
bring  these  motions  to  an  end. 

In  the  motions  of  projectiles  two  forces  are 
involved — ^the  continuous  action  of  gravity,  and  Fig.  102. 

the  momentary  force  which  gave  rise  to  the  impulse — such  as  muscular 
exertion,  the  explosion  of  gunpowder,  the  action  of  a  spring,  &c. 

The  resulting  effects  of  the  combination  of  these  fi)rces  will  differ  with 
the  circumstances  under  which  they  act.  If  a  body  be  projected  downward 
in  a  vertical  line,  it  follows  its  ordinary  course  of  descent,  its  accelerated 
motion  arising  from  gravity  being  conjoined  to  the  original  projectile  force. 

But  if  it  be  thrown  vertically  upward,  the 
,  action  of  gravity  is  to  produce  an  uniform 
retardation.  Its  velocity  becomes  less  and 
less,  until  finally  it  wholly  ceases.  The  body- 
then  descends  by  the  action  of  the  earth,  the 
time  of  its  descent  being  equal  to  that  of  its 
ascent,  it^  final  velocity  being  equal  to  its 
initial  velocity. 

[If  a  body  be  thrown  in  any  other  than  a 
vertical  direction,  it  will  describe  a  curved 
line,  the  form  of  which  may  be  easily  deduced 
from  the  laws  of  falling.  Let  us  assume  the 
simplest  case  :  for  instance,  that  the  body  be 
urged  by  any  force  in  a  horizontal  direction. 
If  there  were  no  such  force  as  gravity,  the 
body  would  continually  move  in  a  horizontal 
Fiff.  103.  direction,  and  with  an  uniform  velocity.    By 

reason  of  the  first  impelling  force,  it  would  traverse  the  space,  a  6,  in  one 
second,  the  equaUy  large  space,  h  c,  in  two  seconds,  and  so  on,  and  must, 
consequently,  at  the  end  of  the  first,  second,  third,  &c.,  seconds,  have  reached 
the  points,  ocd^  &c.  But  it  has  siink  from  the  force  of  gravity :  in  the  first 
second  it  fell  15  feet ;  consequently,  at  the  end  of  that  time,  instead  of  being 
at  6,  it  will  be  15  feet  below  it.  At  the  end  of  the  next  second,  it  is  60  feet 
below  c ;  at  the  end  of  the  third,  135  feet  below  it,  &c.  The  curved  line, 
ag^  described  by  the  body  in  this  manner,  is  a  parabola. — Professor  Muller^s 
Lectures,  Lecture  X.] 
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But  if  the  projecxtile  force  forms  any  angle  with  the  direction  of  gravity, 
the  path  of  the  body  is  in  a  parabolic  curve,  as  seen  in  Fig.  104.  If  the 
direction  of  the  projection  be  horizontal,  the  path  described  will  be  half  a 
parabola. 

This,  which  passes  under  the  title  of  the  para- 
bolic theory  of  projectiles,  is  found  to  be  entirely 
departed  from  io  practice.  The  curve  described 
by  shot  thrown  from  guns  is  not  a  parabola,  but 
another  curse,  the  Ballistic.  In  vertical  projec- 
tions, instead  of  the  times  of  ascent  and  descent 
being  equal,  the  former  is  less.  The  final  velocity 
is  not  the  same  as  the  initial,  but  less.  Nor  is 
the  descending  motion  uniformly  accelerated; 
Fig.  104.  Ij^^^  q^^^qj.  g^  certain  point,  it  is  constant.     Analo- 

gous differences  are  discovered  in  angular  projections. 

The  distance  through  which  a  projectile  could  go  upon  the  parabolic 
theory,  with  an  initial  velocity  of  2,000  feet  per  second,  is  about  24  miles  ; 
whereas  no  projectile  has  ever  been  thrown  further  than  5  miles. 

In  reality,  the  parabolic  theory  of  projectiles  holds  only  for  a  vacuum  ; 
and  the  atmospheric  air,  exerting  its  resisting  agency,  totally  changes  all 
the  phenomena — not  only  changiQg  the  path,  but,  whatever  may  have  been 
the  initial  velocity,  bringing  it  speedily  down  below  1,280  feet  per  second. 

The  cause  of  this  phenomenon  may  be  understood  from  Fig.  105.  Let  B 
be  a  cannon-ball,  moving  from  A  to  C  with  a 
velocitT  of  more  than  2,000  feet  per  second.  In 
its  flight  it  removes  a  column  of  air  between  A 
and  B,  and  as  the  air  flows  into  a  vacuum  only 
at  the  rate  of  1,280  feet  per  second,  the  ball 
leaves  a  vacuum  behind  it.  In  the  same  man- 
ner it  powerfolly  compresses  the  air  in  front. 
This,   therefore,   steaOily  presses  it  into  the  ^^^'  ^^^• 

Tacuom  behind,  or,  in  other  words,  retards  it,  and  soon  brings  its  velocity 
down  to  such  a  point  that  the  ball  moves  no  faster  than  the  air  moves—  that 
is,  1,2J?0  feet  per  second. 

A  shot,  thrown  with  a  high  initial  velocity,  not  only  deviates  from  the 
parabolic  path,  but  also  to  the  right  and  left  of  it,  perhaps  several  times.    A 

ball  striking  on  the  earth  or  water  at  a 
small  angle  bounds  forward  or  ricocheUy 
doing  this  again  and  again  until  its  motion 
ceases. 

The  initial  veloci^  given  by  gunpowder 

to  a  ball,  and,  therefore,  the  explosive  force 

of  that  material,  may.  be  determined  by  the 

Ballistic  pendidum.      This  consists  of   a 

heavy  mass.  A,  Fig.  106,  suspended  as  a 

pendulum,  so  as  to  move  over  a  graduated 

arc.     Into  this,  at  the  centre  of  percussion, 

the  ball  is  fired.     The  pendulum  moves  ti 

Fig.  106.  a  corresponding  extent  over  the  graduated 

arc,  with  a  velocity  which  is  less  according  as  the  weight  of  the  ball  and 

pendnlum  is  greater  than  the  weight  of  the  ball  alone. 
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The  explosive  force  of  gunpowder  is  equal  to  2,000  atmospheres.  It 
expands  with  a  velocity  of  5,000  feet  per  second,  and  can  communicate  to  a 
ball  a  velocity  of  2,000  feet  per  second.  The  velocity  is  greater  with  long 
than  short  guns,  because  the  influence  of  the  powder  on  ttie  ball  is  longer 
continued. 


CHAPTER  XXI. 

OF  MOTION  EOUND  A  CEKTEE. 


Peculiarity  of  Motion  on  a  Curve — Centrifugal  Force — Conditions  of  Free 
Curvilinear  Motion — Motion  of  the  Planets — Motion  in  a  Circle — Motion 
in  an  Ellipse — Potation  on  an  Axis — Figure  of  Revolution — Stability  of 
the  Axis  of  Potation, 

In  considering  the  motion  of  bodies  down  inclined  planes,  we  have  shown 
that  the  action  of  gravity  upon  them  may  be  divided  into  two  portions — one 
producing  pressure  upon  the  plane,  and  therefore  acting  perpendicularly  to 
its  surface  ;  the  other  acting  parallel  to  the  plane,  and  therefore  producing 
motion  down  it. 

It  has  also  been  shown  that,  in  some  respects,  there  is  an  analogy  between 
movements  over  inclined  planes  and  over  curved  lines,  but  a  further  considera- 
tion proves  that  between  the  two  there  is  also  a  very  important  difference. 
A  pressure  occurs  in  the  case  of  a  body  moving  on  a  curve,  which  is  not  found 
in  the  case  of  one  moving  on  a  plane.  It  arises  from  the  inertia*of  a  moving 
body.  Thus,  if  a  body  commences  to  move  down  an  inclined  plane,  the  force 
producing  the  motion  is,  as  we  have  seen,  parallel  to  the  plane.  From  the 
first  moment  of  motion  to  the  last,  the  direction  is  the  same,  and  inasmuch 
as  the  inertia  of  the  body,  when  in  motion,  tends  to  continue  that  motion  in 
the  same  straight  line,  no  deflecting  agency  is  encoimtered. 

But  it  is  very  different  with  motion  on  a  curve.  Here  the  direction  of 
descent  from  A  to  B  is  perpetually  changing ; 
•the  curve  from  its  form  resists,  and  therefore 
deflects  the  falling  body.  At  any  point  its 
inertia  tends  to  continue  its  motion  in  a 
straight  line  ;  thus,  at  A,  were  it  not  for  the 
•curve,  it  would  move  in  the  line  A  a,  at  B  in 
the  line  B  6,  these  lines  being  tangent  to  the 
curve  at  the  points  A  and  B.  The  curve, 
therefore,  continually  deflecting  the  falling 
body,  experiences  a  pressure  itself — a  pres- 
sure which  obviously  does  not  occur  in  the 
•case  of  an  inclined  plane.  This  pressure  is 
•denominated  "  centrifugal  force,'*  because  the  moving  body  tends  to  fly 
from  the  centre  of  the  curve. 

In  the  foregoing   explanation   we  have  regarded   the  body  as  being 
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compelled  to  move  in  a  curvilinear  path,  by  means 
of  an  inflexible  and  resisting  surface.  But  it  may 
easily  be  shown  that  the  same  kind  of  motion 
will  ensue  without  any  such  compelling  or  resist- 
ing surface,  provided  the  body  be  under  the  con- 
trol of  two  forces,  one  of  which  continually  tends 
to  draw  it  to  the  centre  of  the  curve  in  which  it 
moves,  while  the  other,  as  a  momentary  impulse, 
tends  to  carry  it  in  a  different  direction. 

Thus,  let  there  be  a  body,  A,  Fig.  108,  attached 
by  another  body,  S,  and  also  subj£cted  to  a  pro- 
jectile force  tending  to  carrj^  it  m  the  direction 
A  H.  Under  the  conjoined  influence  of  the  two  forces  it  will  describe  a  cur- 
vilinear orbit,  A  T  W. 

The  point  to  which  the  first  force  solicits  the  body  to  move  is  termed  the 
centre  of  gravity — that  force  itself  is  designated  the  centripetal  force,  and 
the  momentary  force  passes  under  the  name  of  tangential  force. 

The  following  experiment  clearly  shows  how,  under  the  action  of  such 
forces,  curvilinear  motion  arises.     Let  there  be  placed 
upon  a  table  a  ball,  A,  and  from  the  top  of  the  room, 
by  a  long  thread,  let  there  be  suspended  a  second  ball, 
B,   the  point  of   suspension    being  vertically  over 
A.     If  now  we  remove  B  a  short  distance  from  A, 
and  let  it  go,  it  falls  at  once  on  A,  as  though  it  were 
attracted.     It  may  be  regarded,  therefore,  as  under 
the  influence  of  a  centripetal  force  emanating  from  A. 
But  if,  instead  of  simply  letting  B  drop  upon  A,  wc 
give  it  an  impulse  in  a  direction  at  right  angles  to 
the  line  in  which  it  would  have  fallen,  it  at  once  pur- 
Pig.  109.  sues  a  curvilinear  path,  and  may  be  made  to  describe 
a  circle  or  an  ellipse,  according  to  the  relative  intensity  of  the  tangential 
force  given  it. 

This  revolving  ball  imitates  the  motion  of  the  planetary  bodies  round 
the  sun. 

To  understand  how  these  curvilinear  motions  arise,  let  C  be  the  centre  of 
gravity,  and  suppose  a  body  at  the  point  a.  Let  a  tangen- 
tial force  act  on  it  in  such  a  manner  as  to  drivp  it  from 
a  to  &  in  the  same  time  as  it  would  have  fallen  from 
a  ix)  d,  Bv  the  parallelogram  of  forces  it  will  move  to  /. 
When  at  this  point,  /,  its  inertia  would  tend  to  carry  it 
in  the  direction  ///,  a  distance  equal  to  a/,  in  a  time 
equal  to  that  occupied  in  passing  from  a  to/;  but  the  con- 
stant attractive  force  still  operating  tends  to  bring  it  to  h ; 
by  the  parellologram  of  forces  it  therefore  is  carried  to  A; ; 
and  by  similar  reasoning  we  might  show  that  it  will  next 
be  found  at «,  and  so  on.  But  when  we  consider  that 
the  centripetal  force  acts  continually,  and  not  by  small 
intermptea  impulses,  it  is  obvious  that,  instead  of  a 
crooked  line,  the  path  which  the  body  pursues  wiU  be  a 
continuous  curve. 
.    The  planets  move  in  their  orbits  round  the  sun,  and  the  satellites  round 
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their  planets,  in  consequence  of  tKe  action  of  two  forces— a  centripetal 
force,  which  is  gravitation,  and  a  tangential  force  originally  impressed  on 
them. 

The  centrifugal  force  obviously  arises  from  the  action  of  the  tangential. 
It  is  the  antagonist  of  the  centripetal  force. 

The  figure  of  the  curve  in  which  a  body  revolves  is  determined  by  the 
relative  intensities  of  the  centripetal  and  tangential  forces.  If  the  two  be 
ecjual  at  all  points,  the  curve  will  be  a  circle,  and  the  velocity  of  the  body 
will  be  uniform.  But  if  the  centrifugal  force  at  different  points  of  the  body's 
orbit  be  inversely  as  the  square  of  its  distance  from  the  centre  of  gravity, 
the  curve  will  be  an  ellipse,  and  the  velocity  of  the  body  variable. 

In  elliptical  motion,  which  is  the  motion  of  planetary  bodies,  the  centre  of 
gravity  is  in  one  of  the  foci  of  the  ellipse.     All  lines  drawn  fi-om  this  point 

to  the  circumference  are  called  radii  vectores, 
and  the  nature  of  the  motion  is  necessarily  such 
that  the  raditis  vector ,  connecting  the  revolving 
body  with  the  centre  of  gravity,  sweeps  over 
equal  areas  in  equal  times. 

The  squares  of  the  velocities  are  inversely 
as  the  distances,  and  the  squares  of  the  times 
of  revolution  are  to  each  other  as  the  cubes  of 
the  distances.  Let  A  B  C  D  E,  Fig.  Ill,  be  an 
elliptical  orbit,  as,  for  example,  that  of  a  planet, 
the  longest  diameter  being  A  B,  and  the 
shortest  D  E.  The  points,  F  and  G,  are  the 
fod  of  the  ellipse,  and  in  one,  as  F,  is  placed  the  centre  of  gravity,  which, 
in  this  instance,  is  the  sun.  The  planet,  therefore,  when  pursuing  its  orbit, 
is  much  nearer  to  the  sun  when  at  A  than  when  at  B.  The  former  point  is, 
therefore,  called  the  perihelion,  the  latter  the  aphelion,  and  D^and  E  points 
of  mean  distance.  The  line  A  B,  joining  the  perihelion  and  aphelion,  is  the 
line  of  the  apsides  ;  it  is  also  the  greater  or  transverse  axis  of  the  orbit,  and 
D  E  is  the  conjugate,  or  less  axis.  A  line  drawn  from  the  centre  of  gravi^ 
to  the  points  D  or  E,  as  F  D,  is  the  mean  distance,  F  is  the  hwef  focus,  & 
the  higher  focus,  A  the  lower  apsis,  B  the  higher  apsis,  and  F  C  or  Q^  C — 
that  is,  the  distance  of  either  of  the  foci  from  lie  centre — the  eccentricity. 

When  a  body  rotates  upon  an  axis,  all  its  parts  revolve  in  equal  times. 
The  velocity  of  each  particle  increases  with  its  perpendicular  distance  from 
the  axis,  and  therefore  so  also  does  its  centrifi^ai  force.  As  long  as  this 
force  is  less  than  the  cohesion  of  the  particles,  the  rotating  body  can  preserve 
itself;  but  as  soon  as  the  centrifugal  force  overcomes  the  cohesive,  tlie  parts 
of  the  rotating  mass  fly  off  in  directions  which  are  tangents  to  their  circular 
motion. 

There  are  many  familiar  instances  which  are  examples  of  these  principles ; 
the  bursting  of  rapidly  rotating  masses,  the  expulsion  of  water  from  a  mop, 
the  projection  of  a  stone  from  a  sling. 

If  the  parts  of  a  rotating  body  have  freedom  of  motion  among  themselves, 
a  change  in  the  figure  of  that  body  may  ensue  by  reason  of  the  difference  of 
centrimgal  force  of  the  different  parts.  Thus,  in  the  case  of  the  earth,  the 
figure  is  not  a  perfect  sphere,  but  a  spheroid;  the  diameter  or  axis  upon 
wiuoh  it  revolves,  called  its  polar  diameter,  is  less  than  its  equatorial,  it 
having  assumed  a  fattened  shape  toward  the  poles,  and  a  bulging  one  toward 
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the  e|q[uator.  At  the  equator,  the  centrifugal  force  of  a  particle  is  ^  of  its 
gravity.  This  diminishes  as  we  approach  the  poles,  where  it  becomes  0. 
The  tendency  to  fly  from  the  axis  of  motion  has,  therefore,  given  rise  to  the 
force  in  question. 

This  may  be  illustrated  by  an  instrument  represented  in  Fig.  1 1 2,  which 

consists  of  a  set  of  circular  hoops,  made 
of  brass  or  other  elastic  material.  They 
are  fastened  upon  an  axis  at  the  point 
a,  but  at  the  point  h  can  slide  up  and 
down  the  axis.  When  at  rest  they 
are  of  a  circular  form.  By  a  multiply- 
ing wheel  a  rapid  rotation  can  be  given 
them,  and  when  this  is  done  they  de- 
part from  the  circular  shape  and  assume 
an  elliptical  one,  the  shorter  axis  being 
the  axis  of  rotation. 

But  if  the  parts  of  the  rotating  body 
have  not  perfect  freedom  of  motion 
among  themselves,  their  centrifugal 
force  gives  rise  to  a  pressure  upon  the 
axis.  If  the  mass  is  symmetrical  as 
respects  the  axis,  the  resulting  pressures  compensate  each  other.  But  as 
each  one  of  the  rotating  particles,  by  reason  of  its  inertia,  has  a  disposition 
to  continue  its  motion  in  me  same  plane,  it  is  obvious  that  such  a/rce  aocis 
«aii  only  be  disturbed  from  its  position  by  the  exercise  of  a  force  sufficient 
to  overcome  that  effect.  It  is  this  result  which  is  so  well  illustrated  by 
Bohnenberger's  machine,  already  described. 


Fig.  112. 


CHAPTER  XXII. 


OF  ADHESION  AND  CAPILLAEY  ATTRACTION. 

Adhesion  of  Solids  and  Liquids — Law  of  Wetting — Capillary  Attraction 
— JSlevations  and  Depressions — Relations  of  the  Diameter  of  Tubes — 
Motions  by  Capillary  Attraction — Endosmosis  of  Liquids  and  of  Gases, 

To  the  arm  of  a  balance,  h  c,  Fig  113,  let  there  be  attached  a  flat  circular 
plate  of  glass,  cr,  and  let  it  be  equipoised  by  the  weights  in  the  opposite  scale, 
d;  beneath  it  let  there  be  brought  a  cup  of  water,  e,  and  on  lowering  the 

glass  plate  within  an  inch,  or  even  within  the 
hundredth  part  of  an  inch  of  the  water,  no 
attraction  is  exhibited ;  but  if  the  glass  and 
the  water  are  brought  in  contact,  then  it  will 
require  the  addition  of  many  weights  in  the 
Vr^i^j^  /    W    !    opposite  scale  to  pull  them  apart. 

>ytr         Ji        k±>       \        If  the  cup,   instead  of  being  filled  with 
water,  is  filled  with  quicksilver,  alcohol,  oil^ 
or  any  other  liquid,  or  if  inaVfeCLi  oi  ^  ^^\/&  ^1 
glass  we  use  one  of  ^ood.  ot  T(i<&\j3kL,  ^W  ^sacsMi 


1"^ 
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effects  still  ensue.    The  force  which  thus  maintains  the  surface  in  contact 
is  called  "  Adhesion." 

[If  we  cut  a  piece  of  lead  into  two  parts  with  a  clean  knife,  and  afterwards 
press  the  newly- divided  surfaces  together,  giving  them  a  twisting  motion  at 
the  same  time,  we  shall  find  them  adhere  firmly.  "When  india-rubber  is  cut 
with  a  clean  knife,  the  fresh-cut  surfaces  will  cohere  in  a  similar  manner.] 

Adhesion  does  not  alone  take  place  between  bodies  of  different  forms.  Two 
perfectly  flat  plates  of  glass  or  marble,  when  pressed  together,  can  only  be 
separated  by  tne  exertion  of  considerable  force.  In  both  this  and  the  former 
case  the  absolute  force  required  to  effect  a  separation  depends  on  the  super- 
ficial area  of  the  bodies  in  contact. 

If,  on  bringing  a  given  solid  in  contact  with  a  liquid,  the  force  of  adhesion 
is  equal  to  more  than  half  the  cohesive  force  of  the  Jiquid  particles  for  one 
another,  the  liquid  will  adhere  to  the  solid,  or  toet  it.  Thus,  the  adhesive 
force  developed  when  gold  is  brought  in  contact  with  quicksilver  is  more  than 
half  the  cohesion  of  the  particles  of  the  quicksilver  for  each  other :  the 
quicksilver,  therefore,  adheres  to  or  wets  the  gold. 

But  if  the  force  of  adhesion  developed  between  a  solid  and  liquid  is  less 
than  half  the  cohesive  force  of  the  particles  of  the  latter,  the  liquid  does  not 
wet  the  solid.    Thus,  a  piece  of  glass  in  contact  with  quicksilver  is  not  wetted. 

It  is  on  these  principles  that  Vera's  pump  acts.  It  consists  of  a  cord 
which  passes  over  two  wheels,  to  which  a  rapid  motion  can  be  given. 
The  w&ter  adheres  t6  the  cord,  and  is  raised  by  it.  See  Fig.  73,  Chap. 
XIII. 

If  the  surface  of  some  water  be  dusted  over  with  lycopodium  seeds,  the 
fingers  may  be  plunged  in  it  without  being  wetted,  the  lycopodium  prevent- 
ing any  adhesion  of  the  water. 

But  it  is  in  the  phenomena  of  capillary  attraction  that  we  see  the  effects  of 
adhesion  in  the  most  striking  manner.  These  phenomena  are 
exhibited  by  tubes  of  small  diameter,  called  capillary  tubes, 
because  their  bore  is  as  fine  as  a  hair.  If  such  a  tube,  fl,  Fig^. 
114,  be  immersed  in  water,  the  water  at  once  rises  in  it  to  a 
height  considerably  above  its  level  in  the  glass  cup,  h. 

Or  if  instead  of  water  we  fill  the  glass  cup  with  quicksilyery 

a         and  immerse  the  tube  in  it,  bringing  it  near  the  side,  so  that 
N       we  can  see  the  metal  in  the  interior  of  the  tube  through  the 
^     glass,  it  will  be  found  to  be  depressed  beneath  its  proper  level. 
These  experiments  are  still  more  conveniently  made  by  means 
Fig.  114.     ^^  tubes  bent  in  the  form  of  a  syphon,  as  represented  in  Fig. 
51,  Chapter  X.     If  one  of  these  be  partially  filled  with  water, 
and  then  with  quicksilver,  the  water  will  be  seen  to  rise  in  the  narrow  tube 
above  its  level  in  the  wide  tube,  and  the  quicksilver  to  be  depressed. 

[Perhaps  the  most  common  examples  we  can  furnish  of  capillary  attraction 
are  the  following,  which  we  adduce  without  comment: — 1.  A  lump  of  sugar 
placed  upon  a  wet  surface  becomes  very  soon  saturated  throughout.  2.  A 
sponge  placed  in  a  saucer  of  water  soon  absorbs  all  the  fluid.  3.  A  piece  of 
blotting-paper  applied  to  some  ink  upon  a  sheet  of  paper.  4.  The  action  of 
the  wicks  of  candles  and  lamps,  &c.] 

When  tubes  of  different  diameters  are  used,  the  change  in  the  level  of 
the  liquid  is  different.  The  narrower  the  tube,  the  higher  water  will  rise> 
and  the  lower  wiU  quicksilver  be  depressed. 
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"WTien  tubes  are  very  wide,  or  what  comes  to  the  same  thing,  when  liquids 
are  contained  in  bowls  or  basins,  the  surface  is  found  not  to  be  uniformly 
level ;  but  near  those  points  where  it  approaches  the  glass,  in  the  case  of 
water  it  curves  upward,  and  in  the  case  of  quicksilver  it  curves  downward, 
as  seen  in  Fig.  115. 

In  tubes  of  the  same  material  dipped  in  the  same  liquid,  the 
elevations  or  depressions  are  inversely  as  the  diameters  of  the 
tubes;  the  narrower  the  tube  the  higher  wiU  water  rise,  and  the 
de^er  will  quicksilver  be  depressed. 

There  is  a  beautiful  experiment  which  shows  the  connection 
v  wn  ^®*^®^^  *^®  diameter  of  the  tube  and  the  height  to  which  it  will 
^*  •  lift  a  liquid.  Two  square  pieces  of  plate  glass,  A  B,  C  D,  Fig. 
116,  are  arranged  so  that  their  surfaces  form  a  minute  angle.  This  position 
may  be  easily  given  by  fastening  them  together  with  a  piece  of  wax  or  cork, 
K.  When  liie  plates  are  dipped  into  a  trough  of  water,  E  F,  G  H,  the 
water  rises  in  the  space  between  them  to  a  smtuler  extent  where  the  plates 
are  far  apart,  and  to  a  greater  where  they  are  closer.  The  upper  edge  of  the 
water  gives  the  form  of  a  hyperbola,  D  I  A.  The  plates  may  be  supposed 
to  represent  a  series  of  capillary  tubes  of  diameters  continually  decreasing ; 
they  show  that  the  narrower  the  intercluded  space  or  bore  of  such  tubes,  the 
higner  the  liquid  will  rise. 

The  figure' of  the  surface  which  bounds  a  liquid  in  a  capillary  tube  is  also 
to  be  remarked.  Whenever  a  liquid  rises  in  a  tube,  its  bounding  surface  is 
concave  upward,  as  seen  in  Fig.  117,  where  f  g  is  the  tube,  and  a  a  the 
surface.     When  the  liquid  neither  rises  nor  sinks,  the  surface,  a  c,  is  plane, 


Fig.  116. 


Fig.  118. 


as  at  ci  e ;  when  the  liquid  is  depressed,  the  surface,  a  a,  is  convex  upward, 
as  seen  at  b  c.  All  these  conditions  may  be  exhibited  by  a  glass  tube  pro- 
perly prepared.  In  such  a  tube,  when  quite  clean,  the  concavity  and  eleva- 
tion of  the  liquid  are  seen ;  if  the  interior  of  the  tube  be  slightly  greased,  the 
surface  of  the  water  in  it  is  plane,  and  it  coincides  in  position  with  the  level 
on  the  exterior.  If  it  be  not  only  greased,  but  also  dusted  with  lycopodium, 
the  liquid  is  depressed  in  it,  and  has  a  convex  figure. 

It  may  be  shown,  according  to  the  principles  of  hydrostatics,  that  it  is  the 
assumption  of  this  curved  surface  which  is  the  cause  of  the  elevation  or  de- 
pression of  liquids  in  capillary  tubes. 

Motions  often  ensue  among  floating  bodies  in  consequence  of  capiUaxy 
attraction.  At  first  sight  they  might  seem  to  indicate  the  exertion  of  direct 
forces  of  attraction  and  repulsion  emanating  from  the  bodies  themselves ; 
but  this  in  reality  is  not  the  case,  the  motions  arising  in  consequence  of  a 
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disturbance  of  the  figure  of  tlie  surface  on  which  the  bodies  float.  Thus,  if 
we  grease  two  cork  balls,  A  B,  and  dust  them  with  lycopodium  powder, 
they  will,  when  set  upon  water,  repel  the  liquid  all  round,  each  ball  reposing 
in  a  hollow  space.  If  brought  near  to  each  other,  their  repulsion  exerted 
on  the  water  at  C  makes  a  complete  depression,  and  they  lall  toward  one 
another  as  though  they  were  attracting  each  other.  It  is,  however,  the 
lateral  i)ressure  of  the  water  beyond  which  forces  them  together. 

Again,  if  one  of  the  balls,  E,  is  greased  and  dusted  wifli  lycopodium,  and 
the  other,  D,  clean,  and  therefore  capable  of  being  moistened,  an  elevation 
will  exist  all  round  D,  and  a  depression  round  E.  When  placed  near  to- 
gether the  balls  appear  to  repel  each  other ;  the  action  in  this  case,  as  in  the 
former,  arising  from  the  figure  of  the  surface  of  the  water. 

K  we  take  a  small  bladder,  or  any  other  membranous  cavity,  and  having 
fastened  it  on  a  tube  open  at  both  ends,  A  B,  Fig.  119,  fiU 
the  bladder  and  tube  to  the  height,  C,  with  alcohol,  and 
then  immerse  the  bladder  in  a  large  vessel  of  water,  it  will 
soon  be  seen  that  the  level  at  C  is  risiug,  and  at  a  short 
time  it  reaches  the  top  of  the  tube  at  B,  and  overflows. 
This  motion  is  evidently  due  to  the  circumstance  that  the 
water  percolates  through  the  bladder,  and  the  phenomenon 
has  sometimes  been  cadled  endosmosis,  or  inward  move- 
ment. Examination  proves  that  while  the  Water  is  thus 
flowing  to  the  interior,  a  little  of  the  alcohol  is  moving  in 
the  opposite  way ;  but  as  the  water  moves  quicker  than 
the  alcohol,  there  is  an  accumulation  in  the  interior  of  the 
bladder,  and,  consequently,  a  rise  at  C. 

One  liquid  wUl  thus  intrude  itself  into 
another  with  very  great  force.     A  bladder 
filled  full  of  alcohol,  and  its  neck  thickly 
tied,  wiU  soon  burst  open  if  it  be  plunged  beneath  water. 

Similar  phenomena  are  exhibited  by  gases.      If  a  jar  be 
filled  with  carbonic  acid  gas,  and  a  piece  of  thin  india-rubber 
tied  over  .it,  the  carbonic  acid  escapes  into  the  air  through 
the  india-rubber,  which  becomes  deepljr  depressed,  as  at  A,       -p-     -loik 
Fig.  120.     But  if  the  jar  be  filled  with  air,  and  be  exposed  to  ^^'       ' 

an  atmosphere  of  carbonic  acid,  this  gas,  passing  rapidly  through  it,  accu- 
mulates in  the  interior  of  the  vessel,  and  gives  to  the  india-rubber  a  convex 
or  dome-shaped  form,  as  seen  at  B. 

Endosmosis  is  nothing  but  a  complex  case  of  common  capillary  attractioxL 
The  facts  here  described  were  originally  discovered  by  Priestley ;  but,  at  a 
later  period,  attention  was  called  to  them  by  Dutrochet,  who,  regarding 
them  as  being  due  to  a  peculiar  physical  principle,  gave  to  the  movement 
in  question  the  names  of  endosmose  and  exosmose,  meaning  inward  and  out- 
ward motion.  But  I  have  shown  that  there  is  no  reason  to  revert  to  any 
peculiar  physical  principle,  since  the  laws  of  ordinary  capillary  attraction 
explain  every  one  of  the  facts. 

The  bursting  of  a  bladder,  filled  with  alcohol  and  sunk  under  water,  gives 
us  some  idea  of  the  power  with  which  the  latter  liquid  forces  its  way  into 
the  membranous  cavity ;  and  it  is  surprising  with  what  a  degree  of  energy 
these  movements  are  often  accomplished.  An  opposing  pressure  of  two  or 
three  atmospheres  seems  to  oflei  no  obstacle  whatever,  and  I  have  seen  gases 
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pass  throTigh  india-rubber  to  mingle  with  each  other,  though  resisted  by 
pressures  of  from  twentjr  to  fifty  atmospheres. 

Whenever  liquids  which  can  commingle  are  placed  on  opposite  sides  of  a 
membrane  or  cellular  body  which  they  can  wet,  motion  ensues ;  both  liquids 
simultaneously  moving  in  opposite  directions,  and  commonly  one  much  faster 
than  the  other.  Thus,  if  a  bladder  full  of  gum- water  is  immersed  in  com- 
mon water,  the  latter  will  find  its  way  into  the  former  against  any  pressure 
wiiatever. 

During  the  growth  of  trees,  the  terminations  of  their  roots,  which  aie  of  a 
soft  and  succulent  nature,  and  which  pass  under  the  name  of  spongioles^  are 
filled  with  a  gummy  material  which  originally  was  formed  in  the  leaves. 
The  moist  or  wet  soil  with  which  the  sponyiohs  are  in  contact  continually 
famishes  a  supply  of  water,  which  enters  those  organs  in  precisely  the  same 
way  that  it  would  enter  a  bladder  full  of  gum- water.  An  accumulation 
takes  place  in  the  organs,  and  the  liquid  rises  in  the  vascular  parts  of  the 
root  and  the  stem,  which  are  in  connection  therewith.  To  this  we  give  the 
name  of  ascending  sap.  It  makes  its  way  to  the  leaves,  there  to  be  changed 
into  gum- water  by  the  action  of  the  light  of  the  sun.  It  is  immaterial  how 
high  a  tree  may  be ;  the  force  now  under  consideration  is  competent  to  lift 
the  sap  to  any  altitude. 


SECTION  lY.— Peopektees  op  Solids. 
CHAPTER  XXIII. 

GENERAL  PEOPEETIES  OP   SOLIDS. 

Distinctive  Properties  —  Changes  hy  particular  Processes  —  Absolute 
Strength  — Lateral  Strength  — Resistance  to  Compression  —  Torsion  — 
Torsion  Balance, 

A  SUBSTANCE  which  can  of  itself  maintain  an  indejpendent  figure  has 
already  been  defined  as  a  solid  body.  This  peculiarity  arises  from  the 
relative  intensity  of  the  attractive  and  repulsive  forces  which  obtain  among 
its  particles.  In  solids  the  attractive  predominates  over  the  repulsive  force ; 
in  liquids  there  seems  to  be  little  difference  in  their  intensity ;  in  gases  the 
repnlsive  force  prevails.  It  is  further  to  be  observed,  that  portions  of  ^as 
uniformly  mix  with  each  other ;  the  same  also  takes  place  with  liquids  of  a 
similar  tind ;  but  when  a  fragment  is  broken  from  a  solid  mass  mere  coap- 
tation wiU  not  effect  reunion. 

The  cohesive  force  of  solids  is  exhibited  in  very  different  degrees — some 
solids  being  brittle,  and  some  ductile — some  are  hard,  and  others  soft.  Thus 
glass  and  bismuth  may  be  pulverized  in  a  mortar ;  but  gold  can  be  beaten 
out  to  an  incredible  extent  by  a  hammer,  and  copper  drawn  into  fine  wires. 
Hie  diamond  is  the  hardest  of  all  substances  known,  and,  from  their  pos- 
flesnng  the  same  quality,  rhodium  and  iridium  are  used  for  the  tips  of 
metaluc  pens,  while  other  solids,  such  as  potassium,  sodium,  butter,  are  soft, 
and  yield  to  a  very  moderate  pressure. 

It  has  already  been  stated  that  the  special  properties  which  bodies  possess 
can  often  be  chane^ed  by  proper  processes.  Thus  glass,  by  slow  cooling, 
loses  much  of  its  brittle&ess ;  ana  steel  may  be  maao  excessively  hard  by 
being  ignited,  and  then  plunged  in  cold  water.    Prince  Rupert's  drops 


76 


THE  HOITE  TUTOK. 


furnish  an  illustration  of  these  effects ;  they  are  made  by  suffering  drops  of 
melted  glass  to  fall  in  water.  The  drop  takes  on  a  pear-shaped  form,  termi- 
nating in  a  long  thread.  It  will  stand  a  tolerably  heavy  blow  on  the  thick 
part,  but  bursts  to  dust  if  the  tip  of  the  thin  part  is  broken. 

Solid  substances  differ  yery  much  in  the  important  peculiarity  of 
STRENGTH.  Of  aU  bodics  steel  is  the  strongest.  The  strength  of  materials 
may  be  considered  in  four  ways : — 

1st.  Absolute  strength,  or  the  resistance  exerted  against  a  force  tending 
to  tear  asunder. 

2nd.  Lateral  or  respective  strength — ^the  resistance  exerted  against  being 
broken  across. 

3rd.  Resistance  to  compression — ^that  is,  to  a  force  tending  to  crash. 

4th.  Strength  of  torsion — the  resistance  against  separation  by  being 
twisted. 

The  absolute  strength  of  a  body  may  be  determined  by  fastening  its  npper 
end,  and  attaching  weights  to  the  lower  till  it  breaks.  The  absolute  strengtii 
is  not  affected  by  the  length  of  a  body,  but  is  proportional  to  the  area  of  its 
section.  A  rod.  of  tempered  steel,  the  area  of  which  is  one  inch,  requires 
nearly  115,000lbs,  to  tear  it  asunder.  The  strength  of  cords  dq>end8  on  the 
fineness  of  the  strands ;  damp  cordage  is  stronger  than  dry.  Silk  cords,  of 
the  same  diameter,  have  thrice  the  strength  of  those  of  flax,  and  a  remark- 
able increase  of  power  arises  from  gluing  the  threads  together.  A  hempen 
cord,  the  threads  of  which  are 
glued,  is  stronger  than  the  best 
wrought  iron. 

The  lateral  strength  of  a  beam 
of  the  shape  of  a  parallelopipedon 
and  of  uniform  thickness,  sup- 
ported at  its  ends  and  loaded  m  Fig.  121. 
the  middle,  is  inversely  as  the  length  and  directly  as  the  product  of  the 
breadth  into  a  square  of  the  depth,  as  in  Fig.  121.     This  strength  is- least 
when  the  whole  weight  acts  in  the  middle,  and  is  greatest  when  at  the  ends. 

The  resistance  to  compression  increases  as  the  section  of  the  body  increases, 
and  it  diminishes  as  tne  body  becomes  longer.  When  the  body  is  only  a 
thin  plate,  its  resistance  to  compression  is,  however,  very  small,  but  it 
rapidly  increases  with  increasing  thickness,  reaches  a  maximum,  and  then 
^  dimimshes  as  the  square  of  the  length.  This  species  of  resistance  is  called 
into  operation  in  the  construction  of  pillars  or  columns. 

[The  resistance  of  bodies  to  forces  tending  to  crush  them  is  given  by  Mr, 
Hodgkinson  ("  Philos.  Trans.,'^  1840),  in  the  following  table  :— 

DcacriptioD  of  Wood 
Oak  (Quebec) 


DescripUon  of  Wood.  Stren^h  ^ev  Sq.  In. 

Alder 6,831  to'  6,960 

Ash     8,683  „    9,363 

Bay 7,518  „     

Beech 7,733  „    fl,3B3 

English  Birch 3,297  „     6,402 

Cedar 6,674  „     ^.Sfi3 

BedDeal   6,748  „    6.586 

White  Deal 6,781,,    7/293 

Elder 7,461   „    9,973 

Ehn    ,    10,331 

Fir  (spruce) 6,499,,    6,S19 


StrcDgth  per  Sq.  In. 
in  lbs. 

8,198  to     

4,231 


6,982 

(En^flisli)    ....  6,484  ',',  10,068 

riiic  Cpitxjh)    6,790,,     

.,   (red) 6,395  „  7,618 

Poplar.. 8,107  „  6,724 

Plum  (dry) i .  8,241  „  10,493 

Tcflk „  12,101 

Wduut    6,063  „  7,227 

Willow    2,898  „  6,128 
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[All  the  experiments  were  made  upon  short  pillars  of  wood,  and  the  force 
applied  in  the  direction  of  the  fihres.  The  results  of  the  first  column  are 
deduced  from  experiments  made  upon  cylinders  one  inch  in  diameter, 
moderately  dry,  and  two  inches  long.  The  second  column  is  formed  from 
experiments  made  upon  cylinders  of  the  same  size,  kept  in  a  warm  place  for 
two  months ;  thus  proving  that  wet  timber  is  weaker  than  dry.] 

Torsion  resistance  is  connected  with  the  elasticity  of  a  body.  As  respects 
this  force,  elasticity,  we  have  already  defined  it,  and  shown  that  no  solid 
substance  is  perfectly  elastic,  though  gases  are.  Each  solid  has  its  own 
limit  of  elasticity,  beyond  which,  if  it  be  strained,  it  takes  a  permanent  set, 
or  it  breaks.  Mr.  Tred^old  found  that  a  weight  of  93,0001bs.  upon  a  square 
inch  of  cast-iron  crushed  it,  but  that  the  same  material  will  sustain  a  weight 
of  15,3001bs.  without  any  alteration.  The  limit  of  elasticity  of  glass  is  the 
point  at  which  it  breaks,  and  that  of  iron  or  copper  being  reached,  the  metal 
takes  a  permanent  set. 

The  Toesion  Bjllaxce  consists  of  a  delicate  thread  of  glass,  or  other 
highly  elastic  substance,  a  6,  Fig.  122,  fastened 
at  its  upper  end,  a,  to  a  button,  wich  turns  stiffly 
in  the  graduated  plate,  c ;  and  to  its  lower  end  at 
6,  a  lever,  b  d,  is  affixed  transversely.  The 
thread  is  inclosed  in  a  glass  tube,  B,  and  the 
transverse  lever  moves  in  a  glass  cylinder,  A.  It 
is  thus  protected  from  the  disturbance  of  currents 
of  air.  Round  this  cylinder,  from  0  to  180, 
graduated  divisions  are  marked,  and  the  whole 
instrument  can  be  levelled  by  means  of  screws,//. 
Suppose,  now,  it  were  required  to  meastire  any 
feeble  repulsive  force,  as  tne  repulsion  of  a  little 
electrified  ball,  c.  If  this  ball  be  introduced  into 
the  interior  of  the  cylinder  through  an  aperture  in 
the  top,  as  shown  in  Fig.  122,  the  index  at  c  and 
the  ball  at  d  being  both  at  the  zero  of  their 
„  respective  scales,  the  repulsion  of  e  will  drive  the 

__^ movable  ball,    c?,   through  a  certain  number  of 

degrees.  By  twisting  the  button  at  a  we  can  compel  c?  to  go  back  to  its 
original  position ;  and  the  number  of  degrees  through  which  the  thread  must 
be  twisted  to  effect  this  measures  the  repulsive  force,  for  the  angle  of 
torsion  is  always  proportional  to  the  force  exerted.  Of  all  the  methods  for . 
determining  feeble  forces  in  a  horizontal  plane,  the  torsion  balance  is  the 
most  delicate  and  accurate. 


Fig.  122. 


CHAPTER  XXIY. 

THE  CE^'TKE   OF  GEAVITY. 


Definition   of  the  Centre  of  Gravity  —  Line   of  Direction  —  Position  of 
Equilibrium — Three  Conditions  of  Support — Resulting  States  of  Equi- 
Ubrium—Stcibility  of  Bodies—The  Floating  of  Bodies, 
Ik  every  solid  body  there  exists  a  certain  point  round  which  its  material 

particles  are  arranged  so  as  to  be  equally  acted  oil  by  gravity.    The  gravi- 
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tating  forces  soliciting  these  particles  may  be  regarded  as  acting  in  lines 
which  are  parallel  to  one  another ;  for  the  common  point  of  attraction,  the 
centre  of  the  earth,  is  so  distant,  that  lines  drawn  from  it  to  the  different 
particles  of  any  body  on  its  surface  are  practically  parallel.  To  this  point, 
thus  found  in  every  body,  no  matter  what  may  be  its  figure  or  density,  the 
term  **  Centre  of  Gravttt/**  is  applied. 

[If  an  immovable  straight  line,  a  h,  Fig.  123,  be  supported  at  its  centre 
and  loaded  at  both  ends  with  equal  weights,  the 
whole  will  be  in  equilibrium,  in  whatever  direction 
the  line  be  turned  round  the  point  at  which  the 
cenbral  force  acts,  whether  the  line  be  in  the  posi* 
tion  a  5,  or  in  the  position  a^  hL  Let  us  assume 
that  the  two  points,  a  and  6,  are  two  heavy 
molecules,  connected  by  the  straight  rigid  rod, 
a  by  supposed  devoid  of  weight,  then  it  is  clear 
that  equilibrium  must  occur  if  only  the  point,  c, 
be  supported,  whatever  be  the  position  of  the 
line,  a  h.  The  point,  c,  would  be  nothing  more 
than  the  centre  of  gravity  of  the  body  consisting 
of  the  two  molecules.  We  may  regard  the  actions 
of  the  forces  of  gravity  of  the  two  molecules 
combined  at  the  centre  of  gravity,  without  on  that  account  the  equilibrium 
being  disturbed. — Professor  Muller^s  ^^ Physics  and  Meteorology ^'^^  Lecture 
III.] 

A  line  which  connects  the  centre  of  gravity  with  the  centre  of  the  earth 
or,  what  is  the  same  thing,  a  line  drawn  from  the  centie  of  gravity  perpen- 
iicularly  downward),  is   called  the   "  line   of  direction^     If  a  solid  be 
suffered  to  fall,  its  centre  of  gravity  moves  along  the  line  of  direction  until  it 
reaches  the  ground. 

In  our  reasonings  in  relation  to  solids,  we  may  regard  them  as  if  all  their 
material  particles  were  concentrated  in  one  point — that  point  being  the  centre 
of  gravity — ^this  being  the  point  of  application  of  the  earth's  attraction.  It 
follows,  therefore,  that  if  a  body 
have  freedom  of  motion,  it  cannot 
be  brought  into  a  position  of  per» 
manent  equilibrium  until  the  centre 
of  gravity  is  at  the  lowest  place. 

To  satisfy  this  condition,  some- 
times effects  which  are  apparently 
contradictory  will  ensue.  Thus,  the  Fig.  124. 

cylinder  m,  Fig.  124,  so  constructed,  by  being  weighted  on  one  side,  as  to 
have  its  centre  of  gravity  at  the  point,  g,  while  its  geometrical  centre  is  at  c, 
will  roll  up  an  inclined  plane,  A  B,  continuing  its  motion  until,  as  shown  at 
m\  where  the  centre  of  gravity,  g\  is  in  the  lowest  position. 

A  prop  which  supports  the  centre  of  gravity  of  a  body  supports  the  whole 
body.     There  are  three  different  positions  in  which  this  support  may  be 
given : — 
1st.  The  prop  may  be  applied  directly  to  the  centre  itself.  * 
2nd.  The  point  of  support  may  have  the  centre  immediately  below  it. 
3rd.  The  point  of  support  majrhave  the  centre  immediately  above  iti 
In  the  first  case,  when  the  point  of  support  is  directly  applied  to  tiie  centre 
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of  gravity  itself,  the  body,  whatever  its  figure  may  be,  will  remain  at  rest 
ia  any  position — as  is  the  case  in  a  common  wheel,  the  centre  of  gravity  of 
which  is  in  the  centre  of  its  figure,  and  this  being  supported  upon  the  axle, 
the  wheel  rests  indifferently  in  any  position. 

Let  bad.  Fig.  125,  be  a  brass  semicircle,  weighted  at  the  parts  b  d  to 
siich  an  extent  that  the  centre  of  gravity  falls 
upon  the  line  connecting  b  and  d.  To  a  fasten  a 
light  arm,  a  c,  long  enough  to  reach  to  that  line, 
and  on  this  arm,  as  shown  by  the  figure,  the  whole 
body  may  be  balanced. 

2nd.    'The  point  of  support  mav  be  above  the 
centre  of  gravity.     In  this  case,  if  the  bodj^  have 
freedom  of  motion,  it  will  not  rest  in  eqiulibrio 
until  its  centre  of  gravity  has  descended  to  the 
lowest  position  possible,  or  until  it  is  perpendicu- 
larly beneath  the  point  of  suspension.     Thus,  let 
there  be  a  circular  plate,  E 
c.  Fig.   126,   the  centre   of 
j  gravity  of  which  is  at  c,  and 
let  it  be  suspended  at  the 
point,  E,  having  freedom  of 
motion  on  that  point.  What- 
ever position  we  may  give  Fig.  326. 
it  to  the  right  or  left,  as  shown  by  the  dotted  lines,  it  at  once  moves,  and 
is  only  at  rest  when  E  and  c  are  in  the  same  perpendicular  line. 

In  the  same  manner,  if  a  ball  be  suspended  to  a  point  by  a  thread,  what- 
ever position  may  be  given  it,  there  is  but  one  in  which  it  will  remain  at 
rest,  and  that  is  when  its  centre  of  gravity  is  immediately  beneath  the  point 
of  suspension,  and  the  thread  in  a  vertical  line. 

3rd.  The  point  of  support  may  be  beneath  the  centre  of  gravity.  In 
this  case,  also,  the  body  will  be  in  equilibrio  and  at  rest ;  but  Sie  nature  of 
its  equilibrium  differs  essentially  from  that  of  the  foregoing  case,  as  we  shall 
presently  see.  A  sphere  upon  a  horizontal  plane  affords  a  case  in  point ; 
and,  as  its  centre  of  gravity  is  also  its  centre  of  figure,  it  will  be  at  rest,  no 
matter  what  may  be  the  particular  point  of  its  surface  to  which  the  support 
is  applied. 

Upon  the  principle  that  if  a  body  be  suspended  freely,  and  a  perpendicular 
be  drawn  from  the  point  of  suspension,  it  will  pass, 
through  the  centre  of^  gravity,  we  are  often  enabled  to 
determine  the  position  of  that  centre  experimentally. 
Thus,  let  the  plane  body,  ABC,  Fig.  127,  be  supported 
by  a  thread  attached  to  the  point,  A,  and  to  the  same 
point  let  there  be  attached  a  plumb-line  ;  this  Une,  be- 
cause it  is  perpendicular,  will  pass  through  the  centre 
of  gravity ;  let  the  line  A  m,  against  which  the  plunlb- 
line  hanffs,  be  marked  upon  the  body;  next  let  it  be 
Fig.  1-67.  suspended  in  like  manner  by  another  point,  B,  to  which 

the  plumb-Uneis  also  attached ;  the  direction,  B  m',  of  the  plumb-line  will, 
in  tnis  case,  intersect  its  direction  in  the  former  case  at  some  point,  such 
as  G-.     This  will  be  the  centre  of  gravity. 
(^To  find  the  centre  of  gravity  of  a  polygon,  the  figure  must  be  divided 
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into  triangles,  as  shown  in  Fig.  128,  and  tlien  the  centre  of  gravity  of 
each,  triangle  must  be  found.  As  soon  as  this  is  done,  you  have  only  to 
find  the  resultant  of  the  forces  acting  upon  the  centres  of  gravity  of  the 
triangles ;  and  this  will  give  the  centre  of  gravity  of  the  whole. 

[If  it  is  required  to  find  the  centre  of  gravity  of  a  triangular  pyramid,  it  will 
be  necessary  to  draw  lines  from  the  angle,  a  and  &,  Fig.  129,  towards  the 
centres  of  gravity,  e  and  c',  of  the  opposite  triangles.  Where  these  two  lines 
cut  each  other  at  e"  is  the  centre  of  gravity. 


Fig.  128. 


Fig.  129. 


Fig.  130. 


[The  centre  of  gravity  of  a  cone.  Fig.  130,  with  a  circular  base,  lies  on  the 
straight  line  which  passes  from  the  apex,  o,  to  the  centre  of  the  base,  ft,  and 
its  distance  from  the  central  point,  &,  of  the  base  is  \  of  the  whole  line. 

[The  centre  of  gravity  of  a  straight  line  is  exactly  in  the  rfiiddle.] 

When  the  centre  of  gravity  is  above  the  point  of  suspension,  there  is  pro- 
duced a  pressure  upon  that  point.  When  the  centre  of  gravity  is  beneath 
the  point  of  suspension,  there  is  produced  a  pull  upon  that  point. 

The  stability  of  bodies  is  intimately  connected  with  the  position  of  their 
centre  of  gravity.  A  body  may  be  in  a  condition,  1st,  of  indifferent ;  2nd, 
of  stable ;  3rd,  of  instable  equilibrium. 

Indifferent  equilibrium  ensues  when  a  body  is  supported  upon  its  centre 
of  gravity ;  for  then  it  is  immaterial  what  position  is  given  to  it — ^it  remains 
in  all  at  rest. 

Stable  equilibrium  ensues  when  the  point  of  support  is  above  the  centre  of 
gravity.  If  the  body  be  disturbed  from  this  situation,  it  oscillates  for  a 
time,  and  finally  returns  to  its  original  position. 

Instable  equilibrium  is  exhibited  when  the  point  of  support  is  beneath  the 
centre  of  gravity.  The  body  being  movable,  in  this  instance  it  revolves 
upon  its  point  of  support,  and  turns  into  such  a  position  that  its  centre  of 
gravitv  comes  immediately  beneath  that  point. 

In  the  theory  of  the  balance,  hereafter  to  be  described,  these  facts  are  of 
the  greatest  importance. 

"When  bodies  are  supported  upon  a  basis,  their  stability  depends  on  the 
position  of  their  line  of  direction.  The  line  of  direction  has  already  been 
defined  to  be  a  line  drawn  from  the  centre  of  gravity  perpendicularly  down- 
ward. 
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If  the  line  of  directioii  falls  within  the  basis  of  support,  the  body  remains 
supported. 

li  the  line  of  direction  falls  outside  the  basis  of  support,  the  bodj 
overturns. 

ThuS;  let  there  be  a  block  of  wood  or  metal,  Fig.  131,  of  which  c  is  the 
centre  of  gravity,  c  d  the  line  of  direction,  and  let  it  be  supported  on  its 
lower  face,  a  ft ;  so  loi^  as  the  line  of  direction  falls  within  this  basis,  lie 
block  remains  in  equilibrio. 

Again,  let  there  be  another  block,  Fig.  132,  of  which  c  is  the  centre  of 
gravity,  and  c  d  the  line  of  direction.  Inasmuch  as  this  falls  outside  of  the 
basis,  a  6,  Ite  body  overturns; 

A  ball  upon  a  horizontal  plane  has  its  line  of  direction  within  its  point  of 
support ;  it  therefore  rests  indifferently  in  any  position  in  which  it  may  be 
laid.  But  a  ball  upon  an  inclined  plane  has  its  line  of  direction  outside  its 
point  of  support,  and  therefore  it  falls  continually. 

From  similar  considerations  we  understand  the  nature  of  the  difficulty  of 
poising  a  needle  upon  its  point.  The  centre  of  gravity  is  above  the  point  of 
support,  and  it  is  almost  impossible  to  adjust  things  so  that  the  line  of 
direction  will  fall  within  the  basis.  The  slightest  inclination  instantly 
causes  it  to  overturn. 

When  the  centre  of  gravity  is  very  low,  or  near  the  basis,  there  is  more 
difficulty  in  throwing  the  line  of  direction  outside  the  basis  than  when  it  is 


Fig.  131. 


Fig.  132. 


Fig.  133. 


high.  For  this  reason  carriages  which  are  loaded  very  high,  or  have  riluch 
weight  on  the  top,  are  more  easily  overturned  than  those  the  load  of  which 
is  lowy  and  the  weight  arranged  beneath,  as  is  shown  in  Fig.  133. 

The  stability  of  a  body  is  greater  according  as  its  weight  is  greater,  its 
centre  of  gravity  lower,  and  its  basis  wider. 

The  principles  here  laid  down  apply  to  the  case  of  the  flotation  of  bodies. 
When  an  irregular-shaped  solid  mass  is  placed  on  the  surface  of  a  fluid,  it 
arranges  itself  in  a  certain  position,  to  wnich  it  will  always  return  if  it  be 
purposely  overset.  In  many  such  solids  another  position  may  be  found,  in 
which  they  will  float  in  the  liquid ;  but  the  slightest  touch  overturns  them. 
Bodies,  therefore,  may  exhibit  either  stable  or  unstable  flotation.  A  long 
cylinder  floating  on  one  end  is  an  instance  of  the  latter  case,  but  if  floating 
with  its  axis  parallel  to  the  surface  of  the  liquid,  of  the  former. 

These  phenomena  depend  on  the  relative  positions  of  the  centre  of  gravity 
of  the  floating  solid,  and  that  of  the  portion  of  liquid  which  it  displaces.    The 
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former  retains  an  invariable  position  as  resects  the  solid  mass,  but  the 
latter  shifts  in  the  liquid  as  the  solid  changes  its  place. 

Equilibrium  takes  place  when  the  centre  of  gravity  of  the  floating  body 
and  that  of  the  portion  of  liquid  displaced  are  in  the  same  line  of  direction. 
If  of  the  two  the  former  is  undermost j  stable  equilibrium  ensues ;  but  if  it  is 
above  the  centre  of  gravity  of  the  displaced  liquid,  unstable  equilibrium 
takes  place.  To  this,  however,  there  is  an  exception — it  arises  when  a  body 
floats  on  its  largest  surface. 

There  are  two  forces  involved  in  the  determination  of  the  position  of  flota- 
tion :  1st,  the  gravity  of  the  body  downward ;  2nd,  the  upward  pressure  of 
the  liquid.  The  former  is  to  be  referred  to  the  centre  of  gravity  of  the  body 
itself,  and  the  latter  takes  effect  on  the  centre  of  gravity  of  the  displaced 
liquid.  If  these  two  centres  are  in  the  same  vertical  line,  they  counteract 
each  other ;  but  in  any  other  position  a  movement  of  rotation  must  ensue.. 
The  solid,  therefore,  turns  over,  and  finally  comes  ii^to  such  a  position  as 
satisfies  ike  conditions  of  equilibrium. 

On  these  principles  a  cube  will  float  on  any  one  of  its  faces,  and  a  sphere 
in  any  position  whatever ;  but  if  the  sphere  be  not  of  uniform  density,  one 
part  of  it  being  heavier  than  the  rest,  motion  takes  place  imtil  the  heaviest 
part  is  lowest.  A  long  cylinder  floating  on  its  end  is  unstable,  but  when  it 
floats  lengthwise,  stable.  It  is  obvious  that  these  principles  are  of  great 
importance  in  ship-building,  and  the  loading  and  ballasting  of  ships. 


CHAPTER  XXY. 


THE   PE>'DT7LTJM:, 


Simple  and  Physical  Pendulums — Nature  of  Oscillatory  Motion — CetUre 
of  Oscillation — Laws  of  Pendulums — Cycloidal  Vibrations — The  Se- 
conds^ Pendulum — Measures  of  Time,  Space y  and  Gravity — Compensation 
Pendulums, 

A  SOLID  body  suspended  upon  a  point  with  its  centre  of  gravity  below, 
so  that  it  can  oscillate  under  the  influence  of  gravity,  is  called  a  pendulum. 

A  simple  pendulum  is  imagined  to  consist  of  an  imponderable  line,  having 
freedom  of  motion  at  one  end,  and  at  the  other  a  point  possessing  weight. 

A  physical  pendulum  consists  of  a  heavy  metallic  ball,  suspended  by  a 
thread  or  slender  wire. 

The  position  of  rest  of  a  pendulum  is  when  its  centre  of  gravity  is  per- 
pendicularly beneath  its  point  of  suspension  ;  its  length,  therefore,  is  in  the 
une  of  direction.  If  it  be  removed  from  this  position,  it  returns  to  it  a^ain 
after  making  several  oscillations  backward  and  forward.  Its  descending 
motions  are  due  to. the  gravitating  action  of  the  earth,  its  ascending  due  to 
its  own  inertia.  A  pendulum  once  in  motion  would  vibrate  contintiaUj 
were  it  not  for  friction  on  its  point  of  suspension,  the  rigidity  of  tiie  thread^ 
if  it  be  supported  by  one,  and  the  resistance  of  atmospheric  air. 
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Fig.  134. 


Tlie  lengili  of  a  pendulum  ia  the  distance  that  intervenes  between  its 

point  of  suspension  and  its  centre  of 
oscillation.  Its  oscillation  is  the  ex- 
treme distance  through  which  it 
passes  from  the  right  hand  to  the 
left,  or  from  the  left  to  the  right. 
In  Fig,,  134  a  is  the  point  of  sus- 
pension ;  $  the  centre  of  oscillation ; 
a  h  the  length  of  the  pendulum; 
eh  d  otdhc,  the  oscillation ;  the  an- 
gle a^oT  (Sis  the  angle  of  elongation  ; 
and  the  time  is  the  period  that  elapses 
in  making  one  complete  oscillation. 
Oscillations  are  said  to  he  isochro- 
nous *  when  they  are  per- 
formed in  equal  times. 

[The  motion  from  c  to 
i  is  a  semi-descending 
oscillation,  from  b  to  d  sl 
semi-ascending  oscilla- 
tion. The  amplitude  of 
an  oscillation  is  the  magnitude  of  the  arc,  a  d,  expressed  in  de- 
grees, minutes,  and  seconds.  The  time  of  an  oscDlation  is  the 
time  necessary  for  the  pendulum  to  traverse  this  arc] 

Let  ah  c,  r  ig.  135,  be  a  pendulous  body,  supported  on  the 
point,  a,  and  performing  its  oscillations  upon  that  point.  If  we 
consider  the  motions  of  two  points,  such  as  h  and  c,  it  will  appear  that 
under  the  influence  of  gravity  the  point,  5,  which  is  nearer  to  the  point  of 
suspension,  would  perform  its  oscillations  more  quickly  than  the  point,  c. 
But  inasmuch  as  in  the  pendulous  body  both  are  supposed  to  be  inflexibly 
connected  together,  by  reason  of  the  solidity  of  the  mass,  both  are  compelled 
to  perform  their  oscillations  in  the  same  time.  The  point,  6,  will,  therefore, 
tend  to.  accelerate  the  motions  of  c,  and  c  will  tend  to  retard  the  motions  of  b. 
It  follows,  therefore,  that  in  every  pendulum  there  is  a  point  the  velocity  of 
which,  multiplied  by  the  mass  of  the  pendulum,  is  equal  to  the  quantity  of 
motion  in  the  pendulum.  To  this  point  the  name  of  centre  of  oscillation  is 
given.  In  a  linear  pendulum — that  is,  a  rod  of  inappreciable  thickness— 
the  centre  of  oscillation  is  two-thirds  the  length  from  tiie  point  of  suspen- 
fflon.  In  a  right-angled  conical  mass  the  centre  of  oscillation  is  at  the  centre 
of  the  base. 

The  centre  of  oscillation  possesses  the  remarkable  property  that  it  is  con- 
vertible with  the  centre  of  suspension — that  is  to  say,  if  a  pendulum  vibrates 
in  a  given  time,  when  supported  on  its  ordinary  centre  of  suspension,  it  will 
YibErate  in  the  same  time  exactly  if  it  be  suspended  on  its  centre  of  oscilla- 
tiaa.  Advantage  has  been  taken  of  this  property  to  determine  the  lengths 
of  pendulums  with  great  precision,  and  thereby  the  intensity  of  gravity 
and  tiie  fijgure  of  the  earth.  In  these  cases  a  simple  bar  of  metal,  of  proper 
kngtlL,  with  knife-edges  equidistant  fromi  ts  ends,  has  been  used,  and  adjust- 


*  This  woid  is  derived  from  the  Greek  iaos^  eqjasil,  and  ehronoSj  time. 
nfijf>f  eauality  of  time. 


The  term  sig- 
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ment  made  until  the  bar  vibrated  equally  when  supported  on  either  knife- 
edge.     The  distance  between  the  knife-eages  is  the  leneth  of  the  pendidmn. 
rendolums  of  equal  lengths  vibrate  in  the  same  place  in  equal  times, 
provided  their  angles  of  elongation  do  not  exceed  two  or  three  degrees. 

Pendulums  of  unequal  lengths  vibrate  in  unequal  times — me  shorter 
more  quickly  than  the  longer — ^the  times  being  to  one  auother  as  the  square 
roots  of  the  lengths  of  the  pendulums. 

If  we  take  a  circle,  B,  Fig.  136,  and,  causing  it  to  roll  along  a  plane,  B  D, 

B  J  mark  out  the  path  which  is  described  by  a 

p/  ^  7  point,  P,  in  its  circumference,   the  line  so 

marked  is  designated  a  cycloid.* 

When  a  pendulum  vibrates  in  a  cycloid, 

it  wiU  describe  all  arcs  thereof  in  equal 

^&*  ^^'  times ;  and  the  time  of  each  oscillation  is 

to  the  time  in  which  a  heavy  body  would  fall  through  half  the  length  of  the 

pendulum  as  the  circumference  of  a  circle  is  to  its  diameter. 

The  difference,  therefore,  between  oscillation  in  cycloidal  and  circular 
arcs  is,  that  in  the  former  all  oscillations  are  isochronous,  but  in  the  latter 
they  are  not ;  for  the  larger  the  circular  are  the  longer,  the  time  of  oscillation. 
And  as  circular  movement  is  the  only  one  which  can  be  conveniently  re- 
sorted to  in  practice,  it  is  necessary  to  reduce  circular  to  cycloidal  oscillations 
by  calculation. 

When  the  length  of  the  pendulum  is  such  that  its  time  of  oscillation  is 
e^ual  to  one  second,  it  is  called  a  seconds'  pendulum.  This  length  differs  at 
different  places. 

[The  allowing  table  shows  the  length  of  the  seconds'  pendulum,  in 
English  inches,  at  several  places  where  it  has  been  tried.  It  is  taken  from 
Mr.  Airey's  treatise  on  tne  **  Figure  of  the  Earth,"  in  the  "Encyclop. 
Metrop." 


stations. 


Latitude.  JJ^»^^„J[ 


|o    ' 
epitzbergen...|79  SON 

Unst 60  45 

Leith  Port  ..,'65  59 
London |51  31 


Paris 48  60 

Bordeaux '44  60 

New  York    ...'40  43 
Formentera ...  38  40 


Inches. 
39*21469 
39-17162 
3d'16546 


39*12861 

89*11296 
39*10120 
39*09610 


Sabine. 
Biot  &Eater 
Biot&Kater 
Kater 

fBorda, 
Blot,  and 
Sabine's 


Biot 
Sabine. 
iBiot  (twice). 


Sandwich  Islands 

Trinidad  

St.  Thomas 

Bahia   


Isle  of  France.. 


Cape  of  Good  Hope 


I^«*^d«pS!Slui*  01»erT««. 


20  62 
10  39 
0  26 
12  69  S 

20  10 
36  66 


Inches. 
39-04690 
39*01888 
39*02074 
39*02433 

39*04684 
39-07800 


Frerdnet. 
Sabine. 
Sabine. 
Sabine. 

{Fr^dnet 
and 
Dapeny. 
rFr^dnet 
i      uid 
CFaUows. 


Some  allowance  must  be  made  for  the  error  in  the  correction  for  the  density 
of  the  air,  about  '0018  for  each.] 

Under  the  equator  it  is  shorter  than  at  the  poles ;  and  this  evidently  arises 
from  the  circumstance  that  the  intensity  of  gravity,  as  has  been  already 
explained,  is  different  at  those  points ;  for  the  figure  of  the  earth  not  beiiig 
a  perfect  sphere,  but  an  oblate  spheroid,  its  polar  axis  being  shorter  than,  m 
equatorial,  a  body  at  the  poles  is  more  powerfully  attracted  than  one  at  I3ifi 

*  This  word  is  derived  from  the  Greek  kuklos,  a  circle,  and  eidoSf  like.  The  termag- 
nifies  a  curve  generated  by  the  rotation  of  a  circle  along  a  right  line. 
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equator,  it  being  neaxe?  the  centre  of  the  earth ;  and  as  the  motion  of  the 
penduLnm  arises  from  gravity,  in  order  to  make  it  oscillate  in  equal  times,  it 
is  necessaij  to  have  it  shorter  at  the  equator  than  at  the  pole.  The  length 
of  the  seoonds'  pendulum  in  London  is  39 '13929  inches,  at  a  temperature  of 
60O  Fahrenheit. 

JFor  many  of  the  purposes  of  physical  science  the  pendulum  is  an  import- 
ant instrument.  It  affords  us  the  best  mea- 
sure of  time,  and  is,  therefore,  used  in  all 
stationary  timepieces  or  clocks.  [The  manner 
in  which  the  pendulum  regulates  a  clock  may 
be  readilj  understood  by  examining  the  ao- 
companpng  figure.  It  is  weU  known  that 
every  clock  must  have  an  accelerating  force  to 
produce  the  motion  and  keep  it  going.  This 
IS  supplied  by  the  weight,  c,  which  is  attached 
to  a  line  passing  round  the  axis  of  a  toothed 
wheel,  e,  Now,  according  to  the  law  of 
falling  bodies,  the  weight  is  drawn  down  by 
its  gravity,  and  pulling  down  the  line  at  the 
same  time,  it  turns  the  axis,  and  causes  the 
toothed  wheel  to  revolve.  If  there  was  not 
anything  to  check  the  revolution  of  the  wheel, 
its  motion  would  become  accelerated ;  but  this 
is  prevented  by  a  beam,  a  h,  with  a  tooth  at 
each  end,  which  catches  the  teeth  of  the 
wheel  on  either  side,  and  as  this  beam  is 
attached  to  the  pendulum-rod,  the  motion  of 
the  wheel  becomes  regulated,  because  the 
wheel  can  only  move  one  tooth's  distance  at 
each  vibration  of  the  pendulum.  For  ex- 
ample, when  the  ball  of  the  pendulum,  d, 
passes  to  the  right  of  the  weight,  c,  the  end 
of  the  beam,  a,  which  is  now  represented  as 
being  raised,  ivill  be  depressed,  and  the  other 
end,  &,  be  raised  instead.  This  contrivance 
is  called  an  escapement,  A  clock  is  a  nie- 
chanical  apparatus  for  the  purpose  of  registering  the  numbers  of  oscil- 
lations wmoh  a  pendulum  makes,  and  at  the  same  time  of  communi- 
cating to  the  pendulum  the  amount  of  motion  it  is  continually  losing  by 
friction  on  its  points  of  support,  and  by  resistance  of  the  air.  The  oscilla- 
tions are  performed  in  small  circular  arcs,  so  that  the  times  are  equal. 

Whatever  affects  the  length  of  the  pendulum  changes  the  time  of  its 
motion.  [The  slightest  variation  in  the  length  of  the  pendulum,  that  is, 
the  distance  of  the  weight  from  the  point  of  suspension,  influences  the  time 
of  its  oscillation ;  and  this  may  be  readily  explamed  according  to  the  law  of 
the  descent  of  bodies  along  inclined  surfaces.  For  it  is  obvious  that,  since 
the  ball  of  a  short  pendulum  has  to  move  down  a  much  steeper  curve  than 
tlie  ball  of  a  long  one,  it  must  therefore  descend  much  faster ;  so  that  a  very 
alight  diminution  in  the  length  of  the  pendidum,  by  increasing  the  steepness 
of  the  curve  even  in  a  very  trifling  degree,  will  diminish  the  line  of  its 
oscillations ;  and  though  tpis  diminution  may  not  be  perceptible  when  two 
or  three,  or  even  twenty  or  thirty,  are  counted,  it  becomes  very  e^^KjA 


Fig.  137. 


86 


THE  HOXE  TOTOK. 


when  a  large  number  are  registered,  as  they  are  in  a  clock.  In  regnlating 
a  clock,  therefore,  we  shorten  the  pendnlmn  (by  taming  a  screw  at  the 
bottom,  which  slightly  raises  the  weight)  when  we  desire  it  to  go  faster ; 
and  lengthen  it  by  letti^  down  the  weight  a  little  when  we  desire  it  to  go 
slower.  An  alteration  of  no  more  than  -^ths  of  an  inch  will  make  a 
diflferenoe  of  ^ye  minutes  a  day  in  the  going  of  a  clock. — Dr,  Carpenter's 
**  Mechanical  Philosophy y'\  It  is  for  this  reason  that  clocks  go  slower 
in  summer  and  faster  in  winter — ^the  changes  of  temperature  altering 
the  length  of  the  pendulum.  To  compensate  this,  various  contriyanceshaye 
been  resorted  to  with  a  view  of  securing  the  invariability  of  the  instruments 
The  nature  of  these  is  very  well  illustrated  by  the  mercurial  pendulum, 
which  was  invented  by  Mr.  George  Graham,  a  watchmaker,  who  tested  its 
action  in  1721. 

Let  A  B,  Fig.  138,  be  the  pendulum-rod ;  at  B  it  is  formed  into  a  kind  of 
1^  rectangle,  F  C  D  E,  within  which  is  placed  a  glass  jar,  G  H, 
containing  mercury,  and  serving  as  the  bulb  of  the  pendulum. 
When  the  weather  becomes  warm,  the  steel  rod  and  rectangle 
elongate,  and  therefore  depress  the  centre  of  oscillation.  But 
simidtaneously  the  mercury  expands,  and  this  motion  takes 
place  necessarily  in  the  upward  direction.  If  the  quantity  of 
mercury  is  properly  adjusted,  the  centre  of  oscillation  is  carried 
as  far  upward  by  the  mercurial  expansion  as  downward  by  that 
of  the  steel.  Its  actual  position  remains,  therefore,  the  same  ; 
and  as  the  length  of  the  pendulum  is  the  distance  between  the 
point  of  suspension  and  centre  of  oscillation,  that  length  re- 
mains unchanged.  The  gridiron  pendulum  acts  on  similar 
principles. 

[The  gridiron  pendulum  was  contrived  by  Mr.  Harrison, 
the  inventor  of  the  chronometer.  It  con-  ^ 
sists  of  a  frame  of  nine  parallel  bars  of  '] 
steel  and  brass,  arranged  and  connected 
as  in  the  annexed  figure.  The  bars  ^ 
marked  s  are  steel,  the  four  marked  h 
are  of  brass ;  the  centre  rod,  of  steel,  is 
fixed  to  the  cross-bar  connecting  the  two 
middle  brass  rods,  but  slides  freely  through 
the  two  lower  bars,  and  bears  the  bob,  h. 
The  remaining  rods  are  fastened  to  the 
cross  pieces  at  both  ends,  and  the  uppr- 
most  cross  piece  is  attached  to  the  axis  of 
suspension.  It  is  easy  to  see,  from  the 
mere  inspection  of  the  figure,  that  the 
Fig.  138.  expansion  of  the  steel  rods  tends  to 
lengthen  the  pendulum,  while  that  of  the  brass  rods 
tends  to  shorten  it :  consequently,  if  the  two  expan- 
sions exactly  c©unteract  each  other,  the  length  of  the 
pendulum  will  remain  unchanged.  The  relative 
lengths  of  the  brass  and  steel  bars  are  determined  by 
the  expansion  of  the  two  metals,  which  is  found  by 
exj)eriment  to  be,  in  general,  nearly  as  100  to  61.     It, 


h^l 


h^l 


I 


■        -.-i^==i 


then,    the  leagibs  oi  all  the  ^ye  steel  bars  »dded 
together  he  100  inches,  the  sum  of  the  lengChs  ot  ^Saft 
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four  'bTOSs  "baw  onffht  to  be  61  inclies.  When  the  compensation  is  found  on 
trial  not  to  be  perfect,  an  adjustment  is  made  by  shifting  one  or  more  of  the 
cross  pieces  higher  on  the  bars. — Brands'' s  "  Dictionary  of  Science^  Litera- 
turej  and  AHr'\ 

The  pendulum  is  also  used  to  determine  the  force  of  gravity.  The  nature 
of  ^ias  application  has  already  been  pointed  out  in  what  has  been  said 
respecting  oscillations  at  the  equator  and  the  poles.  The  force  of  gravity  at 
any  p^u)e,  or  the  height  through  vrhich  a  body  will  fall  in  one  second,  is 
detennined  hy  multiplying  the  lengths  of  a  seconds'  pendulum  for  that  place 
by  tli^  number  49-348. 

The  length  of  the  seconds'  pendxdum  being  always  invariable  at  the  same 
place — ^for  gravity  is  always  invariable — ^may  be  used  as  a  standard  of 
measure.  Thus,  the  English  inch  is  of  such  a  length  that 
39*13939  inches  are  equal  to  the  length  of  a  pendulum 
vibrating  seconds.  From  these  measures  of  length  measures 
of  capacity  might  be  derived  by  taking  their  cubes,  and 
measures  of  surface  by  taking  their  squares. 

[A  pendulum  may  have  its  centre  of  oscillation  consi- 
derably beyond  the  limits  of  its  actual  dimensions,  and  a 
pendulum  only  one  foot  in  length  may  be  made  to  oscillate 
as  slowly  as  another  12  feet  long.     Suppose  a  rod  of  iron, 
a  b,  to  be  loaded  at  both  ends,  and  suspended  at  c,  so  that 
it  might  vibrate  freely,  it  is  manifest,  that  though  the  arc 
described  in  each  vibration  would  be  limited  by  the  length 
measured  from  the  point  of  suspension,  the  velocity  of  the 
hall,  b,  would  be  checked  by  the  counter-weight  of  the 
Fig.  140.        ^sll>  ^>  and  the  latter  being  movable  on  the  rod,  the  rate 
of  vibration  might  be  Regulated  at  pleasure.  —  MoffatVs 
Bmfa  Book  of  Science,'" 
[The  metronome  is  an  example  of  this  kind  of  pendulum.] 
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CHAPTER  XXYI. 

OF  PEKCilSSION. 


Of  Impact^  Centraly  JSccentricy  Direct,  Obliqtie  —  Inelastic  and  Elastic 
Bodies — Laws  of  Collision  of  Inelastic  Bodies — Changes  of  Figure  of 
Elastic  Bodies — Phenomena  of  their  Collision — Ofltejlected  Motions, 

Impact  or  percussion  may  take  place  in  several  different  ways — as  central, 
eccentric,  direct,  oblique. 

Central  impact  takes  place  when  the  bodies  in  collision  have  their  centre 
of  gravity  moving  in  the  same  right  line.    • 

Eccenteic  impact  is  when  the  directions  of  the  motion  of  the  centre  of 
gravity  of  the  bodies  in  collision  make  an  angle  with  one  another. 

Direct,  impact  is  when  the  direction  of  the  moving  body  is  perpendicular 
to  the  surface  on  which  it  impinges. 

Oblique  impact  is  when  tne  direction  of  the  moving  body  makes  some 
angle  other  than  a  right  one  with  the  surface  on  which  it  impinges. 

The  phenomena  of  percussion  depend  greatly  on  the  "^^i-jswisii  Qk"Kt^"5i\fcT  <2ii 
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the  impinging  bodies.  The  bodies  may  either  be  inelastic  or  elastic.  Masses 
of  olay  or  putty  are  illustrations  of  the  former  case,  balls  of  ivory  or  steel 
of  the  latter. 

It  has  already  been  shown,  Chapter  XVII.,  that  if  two  inelastic  bodies 
moye  in  the  same  direction,  their  joint  momentum,  after  impact,  is  equal  to 
the  sum  of  their  separate  momenta ;  and  that,  if  they  move  in  opposite 
directions,  it  is  equal  to  the  diflference.  Their  velocity,  after  impact,  is 
found  by  dividing  their  common  momentum  by  the  sum  of  their  masses. 

When  a  hard  body  impinges  oa  an  immovable  mass,  the  particles  of 
which  can,  however,  recede,  so  as  to  admit  the  impingmg  body,  the  depths 
to  which  it  will  penetrate  are  as  the  squares  of  its  velocity  multiplied  by  its 
mass. 

When  elastic  bodies  impinge  on  each  other,  there  is,  during  the  time  of 
their  encounter,  a  change  of  figure.     Thus,  if 

Xwe  take  the  instrument.  Fig.  141,  and,  having 
painted  one  of  its  ivory  balls,  a,  let  the  other 
ball,  b,  touch  it  gently,  the  latter  will  receive 
on  its  surface  a  single  point  of  paint.    But  if 
we  raise  this  ball,  and  let  it  fall  from  a  consi- 
derable distance  upon  the  other,  it  will  receive 
a  circular  mark  of  paint,  showing  that,  during 
the  percussion,  the  baUs  lost  their  sphericu 
figure,  and,  instead  of  touching  by  a  single 
point,  theytouched  by  a  surface  of  considerable 
extent.     Their  instantaneous  recovery  of  the 
spherical  form,  like  the  facility  with  which  that 
form  was  lost,  is  due  to  their  elasticity. 
Whatever  tends  to  impair  the  elasticity  of  such  balls  tends,  therefore,  to 
change  the  phenomena  of  impact.     Thus,  if  we  make  a  cavity  in  one  of 
them,  and  fill  it  partially  with  lead,  the  balls,  after  percussion,  will  not 
recede  from  one  another  as  far  as  before. 

The  manner  in  which  elasticity  acts  in  these  cases  may  be  understood  by 
considering  the  action  of  a  spiral  spring  between  the  two  balls,  the  length  of 
it  coinciding  with  the  direction  of  their  motion.  When  the  balls  fall  upon  ^ 
its  extremities  they  give  rise  to  compression,  and  the  spring  continually 
resists  them  at  each  successive  instant.  Their  force,  whicn  was  greatest  at 
the  moment  of  impact,  is  gradually  overcome  by  the  resistance  of  the  spring, 
and  finally  vanishes.  As  soon  as  their  velocity  ceases,  the  spring  can  undergo 
no  further  compression,  and  is  now  able  to  begin  to  restore  itself  with  a 
continually  increasing  force.  Finally,  it  communicates  to  the  balls  the  same 
velocity  with  which  they  originally  impinged  upon  it. 

When,  therefore,  a  pair  of  elastic  spherical  balls  are  made  to  impinge  on 
each  other,  there  is  a  compression  of  their  particles  in 
the  direction  in  which  the  motion  is  taking  place,  so 
that  the  diameters,  a  J,  Fig.  142,  are  less  than  before. 
A  spheroidal  form  ij,  therefore,  the  necessary  result. 
But  just  as  with  the  imaginary  spring  in  the  fore- 
going case,  so  with  the  compressed  particles  in  this. 
As  soon  as  the  motion  of  the  bodies  becomes  0,  the 
elastic  force  of  the  compressed  particles  gives  rise  to 
movement  in  the  opposite  direction. 


Fig.  141. 


Fig.  142. 
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When  two  perfectly  elastic  bodies  come  in  collision,  the  force  of  elasticity- 
is  equal  to  the  force  of  compression,  and  the  force  of  compression  is  equal  to 
the  force  of  the  shock. 

When  two  elastic  bodies  haye  struck  each  other,  their  regession  will  be 
with  the  same  relative  velocity  with  which  they  fell  upon  each  other. 

When  two  equal  elastic  bodies  move  toward  each  other  with  equal  velo- 
cities, after  percussion  they  recede  from  each  other  with  the  same  velocity. 
When  of  two  equal  elastic  bodies  one  is  in  motion  and  the  other  at  rest, 
the  former,  after  collision,  will  conmiunicate  to  the  other  all  its  velocity, 
and  remain  at  rest  itself.  This  phenomenon,  and  indeed  much  that  is  here 
^d  in  relation  to  the  impact  of  bodies,  is  well  shown  by  an  apparatus,  such 
as  Fig.  141,  in  which  let  the  ball,  a,  be  at  rest,  and  let  6  fall  on  it  from  any 
height,  after  collision  a  takes  the  whole  velocity  of  6,  and  b  itself  remains 
at  rest. 

When,  of  two  equal  bodies  moving  in  the  same  direction,  one  overtakes 
the  other,  they  exchange  velocities,  and  go  on  as  before. 

When,  two  equal  bodies  moving  with  different  velocities,  encounter  each 
other,  they  exchange,  and  recede  from  one  another  in  contrary  directions. 

If,  in  the  instrument.  Fig.  141,  instead  of  having  only  two  ivory  balls,  we 
had  a  large  number  suspended,  so  as  to  touch  one  another,  it  would  be 
fotind,  on  letting  the  ball  at  one  extremity  impinge  on  the  other,  that  all  the 
intermediate  ones  would  remain  motionless,  and  the  one  at  the  farther 
extremity  would  rebound. 

[Fig.  143  represents  a  bar  of  wood  supported  at  both  ends,  and  having 
six  small  balls  of  ivory  suspended  from  it,  a 
h  c  d  efy  by  silk  cords.  If  we  remove  the 
ball,  a,  and  allow  it  to  impinge  or  strike 
against  the  ball,  5,  the  whole  line  will  not 
move  forwards,  but  will  appear  to  act  only  on 
*  \  the  baU,  /,  at  the  other  end  of  the  row,  caus- 

^  \         ing  it  first  to  separate  from  the  rest,  and  to  be 

moved  in  the  same  direction  as  the  ball  which 
communicated  the  motion ;  viz.,  from  the 
position  of/ to/'.  The  ball,/,  will,  in  turn, 
impinge  on  the  ball,  c,  and  cause  the  baU,  a, 
to  be  separated  to  the  distance  of  a',  which  is 
not  quite  so  great  as  /  from  its  original  position  of  /.  If  we  use  any 
number  of  balls,,  the  same  thing  takes  place,  and  if  we  allow  two  balls 
from  either  end  to  impinge  upon  the  others,  we  shall 
find  that  two  balls  are  propellea  from  the  opposite  end ; 
for  example,  a  h  would  separate  e  f  from  the 
others.  3 

The   motion,  therefore,  is  transmitted  through  the 
entire  series  of  balls ;  and  it  is  the  mutual  reaction  of 
the  intermediate  ones  which  keeps  them  at  rest,  the 
distant  one  rebounding  because  there  is  nothing  against     ^ 
which  it  can  react. 

When  an  elastic  ball  strikes  upon  an   immovable  Fig.  144. 

elastic  plane,  it  will  recoil  with  the  same  velocity  with 
which  it  advanced.  When  the  impact  is  perpendicular,  the  path  of  retroces- 
sion is  the  same  as  that  of  advance.    Thus,  if  a  ft,  Fig.  144,  be  the  ^«wt\i  c>l 
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the  adyance,  perpendicular  to  e  d,  the  ehistic  plane,  the  reeoil  or  retnooes- 
sion  will  be  in  the  same  path,  but  in  the  opposite  direction,  b  a. 

When  the  path  of  the  striking  body  is  not  perpen- 

^^  dicular,  bnt  at  some  other  angle  to  the  elastic  pume, 

the  recoil  will  be  under  the  same  angle,  but  on  the 

opposite  side  of  the  perpendicular.     Thus,  if  n  i.  Fig. 

145,   be    the  path    of  the   striking  body,   m  m   the 

elastic  plane,  the  path  after  contact  will  be  i  d,  such 

ir  ^^    that  the  points,  n  i  </,  are  in  the  same  plane,  and  the 

Figt  145.  angle,  n  i  p,  is  equal  to  the  angle,  d  %  p.     To  the 

former  of  these  the  name  "  angle  of  incidence"  is  given ;  to  the  latter,  **  angle 

of  reflection." 

The  angle  of  incidence  is  the  angle  included  between  the  path  of  the 
impinging  body  and  a  perpendicular  drawn  to  the  surface  of  impact  at  the 
point  of  impact.  And  the  anele  of  reflection  is  the  angle  included  between 
the  path  of  the  retroceding  boay  and  the  same  perpendicular. 

The  principles  given  in  this  chapter  are  applied  in  many  cases  of 
practice.  Thus,  in  the  pile -engine,  which  consists  of  a  heavy  block 
raised  slowly  by  machinery  between  two  uprights,  and  then  allowed  to 
fall  suddenly  on  the  head  of  the  pile  to  be  driven  into  the  ground,  if 
the  block  thus  used  as  a  hammer  is  too  smaU,  it  fails  to  move  Hhe 
pile ;  and  if  its  velocity  is  too  great,  it  splits  the  head  of  the  pile.  A  Isage 
mass,  falling  from  a  small  height,  is  therefore  used.  Thus,  it  may  be  readily 
shown,  that  if  the  hammer  weighs  1,000  pounds,  and  it  falls  through  a  height 
of  only  four  feet,  the  force  witii  which  it  strikes  the  pile  is  equal  to  120,000 
pounds. 

When  gold  is  beaten  into  thin  leaves,  the  workmen  cannot  employ  light 
hammers  and  use  them  quickly,  for  they  would  divide  or  fissure  the  gold  ; 
they  use,  therefore,  heavier  hammers,  and  move  them  more  slowly. 


SECTION  v.— The  Elements  of  Machineky. 
CHAPTER  XXVn. 

THE  MECHANICAL    POWERS. 

Definition  of  Machines — Number  of  Mechanical  Potcers — Power — 
Weight — Principle  of  Virttial  Velocities — Definition  of  the  Lever — 
Three  kinds  of  Lever — Conditions  of  EquUihrium — Uses  of  Levers — 
The  Balance —  Weighing  Machines, 

By  machines  are  meant  certain  contrivances  employed  for  the  purpose  of 
changing  the  direction  of  moving  powers,  or  of  enabling  them  to  produce  any 
required  velocity,  or  to  overcome  any  required  force. 

It  is  to  be  understood  that  the  force  of  any  moving  power  can  never  be 
increased  by  the  agency  of  any  machine,  the  duty  of  which  is  to  transmit 
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the  effect  of  that  power  unimpaired  to  the  working  point.  Machinery  can- 
not create  power — it  transmits  it.  Theoretically  this  transmission  is  sup- 
posed to  take  place  without  loss,  but  practically  there  is  always  a  certain 
degree  of  diminution  arising  both  from  imperfections  of  construction,  and  the 
j^ency  of  such  impediments  to  motion  as  friction,  rigidity,  &c.,  the  con- 
'sideration  of  which  we  shall  resume  in  its  proper  place. 

In  what  follows  it  will,  therefore,  be  understood  that  we  speak  of  the 
action  of  machines  theoretically,  and  apart  from  the  intervention  of  these 
disturbing  causes. 

AU  machines,  no  matter  how  complex  soever  their  construction  may  be, 
can  be  reduced  to  one  or  more  of  six  simpler  elements,  which  pass  under  the 
name  of  the  **  mechanical  powers : "  they  are  the 

Lever.  I  Wheel  and  Axle.  I         Wedge. 

Pulley.  I    •       Inclined  Plane.  |  Screw. 

These  mechanical  powers,  or  simple  machines,  may,  indeed,  be  further 
reduced  to  three :  the 

Lever.  |  Pulley  |         Inclined  Plane. 

In  any  machine  the  force  or  original  prime  mover  passes  under  the  name 

of  THE  POWEE. 

The  resistance  to  be  overcome,  or  that  upon  which  the  power  is  brought 
to  bear  through  the  intervention  of  the  machine,  goes  under  the  name  of 

THE  "WEIGHT. 

The  general  law  which  determines  the  equilibrium  of  all  machines,  whether 
mmple  or  compound,  is  as  follows:-  *'The  power  multiplied  by  the  space 
through  which  it  moves  in  a  vertical  direction  is  equal  to  the  weight  multi- 
plied by  the  space  through  which  it  moves  in  a  vertical  direction."  The 
princinle  involved  in  this  law  passes  under  the  name  of  **  the  principle  of 
virtual  velocities." 

The  foregoing  principle  expounding  the  conditions  under  which  the  power 
and  weight  are  in  equilibrium,  and  the  machine,  therefore,  in  a  state  of  rest, 
it  follows,  therefore,  that  *'  if  the  product  arising  from  the  power  multiplied 
"by  the  apace  through  which  it  moves  in  a  vertical  direction,  be  greater  than 
the  prodLuct  arising  from  the  weight  multiplied  by  the  space  through  which 
it  moves  in  a  vertical  direction,  the  power  will  overcome  the  resistance  of  the 
weighty  and  motion  of  the  machine  will  ensue." 

THE  LEVEE. 

The  lever  is  the  first  of  the  elementary  machines.  In  theory,  it  is  an 
inflexible  and  imponderable  line,  supportea  on  one  point  on  which  it  can 
turn.  In  practice,  it  consists  of  a  solid  unyielding  rod,  working  upon  a  point 
tailed  a  fulcrum. 

Three  varieties  of  levers  are  commonly  enumerated.  In  the  first,  the 
fdlcmm  is  between  the  power  and  the  weight.  [We  see  examples  of  this 
kind  of  lever  every  day.    If  we  use  a  pin  to  extract  a  periwinkle  from  its 
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shell,  tlie  pin  is  a  lever  of  this  class,  the  shell  the  falcmm,  and  onr  fingers 
the  power.  If  we  poke  the  fire,  the  poker.  A,  is  the  levei,  the  bar,  B,  upon 
which  it  rests,  is  the  fulcrum,  the  coals,  C,  the  weight  to  be  raised,  and  the 
hand,  D,  the  power  which  raises  it.  The  brake  of  a  pump  is  a  lever  of  this 
class ;  the  piston  and  the  pump-rods  being  the  weight  to  be  raised,  and  the 
fulcrum  the  point  on  which  it  turns.  A  common 
claw-hammer,  used  to  raise  a  nail  from  a  piece 
of  wood,  is  another  familiar 
example;  the  hand,  a, 
being  the  power,  the  wood, 
|/,  the  fulcrum,  and  the 
'  nail,  «,  the  resistance  to 
be  overcome.  All  instru- 
ments for  cutting  or  hold- 
ing, which  are  composed 


Fig.  146. 
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of  two  pieces  crossing  each  other  in  the  middle,  such 
as  scissors,  shears,  pincers,  pliers,  nippers,  &c.,  are 
familiar  examples ;  the  pivot  or  joint  being  the  ful- 
crum, the  resistance  or  weight  the  paper,  grass,  &c., 
to  be  cut  or  seized,  and  the  power  applied  by  the  hand.  ^^S«  1^7. 

A  common  crowbar,  applied  to  raise  stones  or  other  weights,  is  another 
familiar  example;  the  fulcrum  being  another  stone  placed  near  to  the 
one  to  be  raised,  and ^  the  power  the  man's  hand  who  raises  it.]    In  the 

second,  the  weight  is  between  the 
power  and  the  fulcrum.  Fig.  148. 
[The  oar,  which  urges  a  boat  for- 
ward, is  an  excellent  example  of  this 
kind  of  lever;  the  blade  forced 
against  the  water  being  the  fulcrum, 
the  boat  the  weight,  and  the  man's 
hand  the  power.  The  rudder  of  a 
Fig.  148.  gi]Lip  acts  in.  the  same  manner ;  and 

when  we  open  a  door,  the  hinge  is  the  fulcrum,  the  air  the  resistance,  and 
our  han(^s  the  power.  The  common  wheelbarrow  is  another  example,  the 
fulcrum  being  the  point  at  which  the  wheel  presses  on  the  ground,  the 
weight  being  the  barrow  and  its  load,  while  the  power  is  represented  by  the 
two  handles  which  the  man  lifts,  and  in  proportion  as  he  lengthens  or 
shortens  his  hold  on  the  handles,  so  is  the  power  greater  or  less.  The  old 
sugar-chopper  used  by  grocers  is  a 
very  good  example  of  a  lever  of  the 
second  kind,  Fig.  149 ;  the  hinge,  F, 
being  the  fulcrum,  the  sugar,  W,  the 
weight  or  resistance,  and  the  handle,  P, 
the  power.  Nut- crackers,  and  cork 
or  lemon  squeezers,  belong  to  this 
class.      Two  men  carrying  a  sedan-  ^^S*  ^^^' 

chair  is  another  example,  and  so  is  a  pair  of  bellows.  When  a  crowbar  is 
placed  underneath  a  stone,  and  the  end  of  the  bar  raised,  it  becomes  a  lever 
of  the  second  kind,  the  end  resting  on  the  ground  being  the  fulcrum,  the 
stone  the  resistance,  and  the  upward  movement  of  the  man's  hand  the 
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power.]    In  the  third,  the  power  is  between  the  weight  and  the  fulcrum, 

Fig.  150.  [This  kind  of  lever 
possesses  certain  advantages  over 
the  two  former,  because  what 
is  lost  in  power  is  gained  in 
velocity,  a  small  power  causing  the 
long  arm  of  the  lever  to  move  over 
a  great  space.  Of  course,  when  we 
say  that  what  is  lost  in  power  is 
Fig.  160.  gained  in  velocity,  We  only  speak 

comparatively.  A  familiar  example  of  this  class  is  a  man  using  a  flail  with 
botii  hands.  The  treadle  of  a  turning-lathe  is  another  example  :  the  end 
which  rests  on  the  ground  is  the  fulcrum,  the  foot  of  the  man  which  presses 
on  Hie  board,  near  the  fulcrum,  is  the  power,  and  the  crank  upon  the  axis 
of  the  fly-wheel,  which  is  attached  to  the  other  end,  is  the  weight.  The 
most  interesting  examples  of  the  application  of  this  class  of  levers  are  to  be 
found  in  the  structure  of  animals,  particularly  the  arm  and  fore-arm  of  man, 
and  the  lower  jaw,  as  shown  in  Figs.  151  and  152.  In  the  former,  the  lower 
end  of  the  arm-bonC;  a,  becomes  me  fulcrum,  the  bones  of  the  fore-arm,  c, 
6,  the  lever,  and  the  biceps  fiexor  cubitij  d,  or  the  muscle,  which  bends  the 


Fig.  161. 


Fig.  162. 


fore-arm,  and  is  inserted  at  e,  into  the  posterior  part  of  the  tubercle  of  the 

Tadius,  is  t^e  power  which  raises  the  weight,  /,  held  in  the  hand.     The 

fulcrum,  F,  of  the  lower  jaw,  B,  is  formed  by  tihe  condyle^  or  end  of  the 

bone,  which  rests  against  the  temporal  bone,  T,  while  the  resistance  or  weight, 

"W,  is  at  the  opposite  end,  and  acted  upon  by  the  masseter  muscle,  A, 

placed  at  the  angle  of  the  jaw-bone.]    There  are  also  other  species  of 

lever,  such  as  the  bent  lever,  the  curvilinear 

lever.     The  mode  of  action  and  theory  of 

all  are  the  same.     [The  same  advantage 

cannot  be  derived  &om  a  bent  lever  as 

from  a  straight  one  of  the  same  length. 

Let  A  B,  Fig.  1 5-},  represent  a  curved  lever, 

which  is  supported  at  F,  having  the  weight, 

W,   attached  at  B,   and  the  power,    P, 

applied  at  £.     If  we  wish  to  And  the 

momentum  of  the  weight,  we  have  only  to 

multiply  its  weight  by  the  ideal  lines,  Fig.  163. 

A  F,  or  B  C ;  and  the  momentum  of  power  will  be  found  by  multiplying  its 

weight  by  the  ideal  lines  D  E,  or  F  G.] 
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By  the  principle  of  virtual  velocities  it  appears  tliat  "any  lever  is  in 
e^uuibrio  when  the  power  and  the  weight  are  to  each  other  inversely  as  their 
distances  from  the  fulcrum." 

As  illustrative  instances  of  this— if,  in  a  lever  of  the  first  kind  in 
equilibrio,  the  power  and  the  weight  are  equal,  they  must  be  at  equal 
distances  from  the  fulcrum ;  if  the  power  is  only  half  tne  weight,  it  must  be 
at  double  the  distance  from  the  fulcrum ;  if  one-third  the  weight,  triple  the 
distance,  &c. 

When,  therefore,  it  is  proposed  by  the  intervention  of  a  lever  to  cause  a 
given  power  to  overcome  a  given  weight,  it  is 
necessary  that  the  power  multiplied  by  its  ^ 

distance  from    the  fulcrum    should  give   a  y^r     6      (\       l       FJ 
greater  product  than  the  weight  multipued  by      ^  6 

its  distance  from  the  fulcrum.  Thus,  in  Fig. 
154,  let  P  be  a. power  of  six  pounds,  operating 
on  a  lever  of  the  first  kind,  at  a  distance,  P  c, 
from  the  fulcrum,  c,  of  seven  inches ;  let  W 
be  the  weight  to  be  overcome,  and  let  it  be 
seven  pounds,  with  a  distance,  W  c,  of  six 
inches  from  the  fulcrum.  Now  the  power 
multiplied  into  its  distance  is  e^ual  to  forty-  ^^S-  lo4. 

two,  and  the  weight  multiplied  into  its  distance  is  also  equal  to  forty- two ; 
the  lever  is,  therefore,  under  the  law  just  ^tated,  in  equiubrio.  But  if  we 
increase  the  distance  of  P  from  c,  or  increase  P  itself,  or  do  both,  then  the 
product  of  P  into  its  distance  from  the  fulcrum  will  increase,  the  lever  will 
move,  and  the  resistance  of  the  weight  be  overcome. 

Levers  are  used  in  practice  for  many  different  purposes.  By  their  agency 
a  small  ipower  may  hold  in  equilibrio  or  move  a  great  weight :  thus,  the 
power  01  one  man  applied  at  the  end  of  a  crowbar  will  overturn  a  heavy 
mass,  the  man  acting  at  a  distance  of  several  feet,  and  the  mass  at  only  a 
few  inches  from  the  fulcrum. 

[Levers  are  sometimes  compound,  or  made  up  of  several  simple  levers  con- 
nected together,  so  as  to  act  one  upon  the  other.  For  example,  suppose  we 
wish  to  have  a  very  long  lever,  or  one  possessing  great  mechanical  power,  it 
is  easier  to  arrange  a  series  of  levers,  so  that  the  power  acting  on  the  end  of 
the  first  lever  shaU  raise  the  second,  and  that,  depressing  the  end  of  the 
third,  will  raise  a  weight  at  the  further  end.  For  example,  suppose  that 
we  wish  to  balance  1,000  pounds  by  means  of  one  pouna,  the  distance  of 
the  power  from  the  fulcrum  must  be  1,000  times  that  of  the  weight,  and  as 
this  would  be  very  inconvenient,  we  employ  three  levers  for  the  purpose  of 
obtaining  the  same  result.  The  relative  length  of  the  arms  of  each  lever  is 
as  ten  to  one ;  and  if  we  examine  Fig.  155,  we  shall  see  that  the  levers  are 
^F     a  SO    arranged    as   to  bear   upon  one 

fp  ^  I  /  jL^p     '     =i  another.     Thus,  the   power  of  one 

fl  IB  '  pound  will  balance  the  weight  of  ten 

'"*  pounds ;  and  as  the  weight  end  of  the 

Fig.  155.  Urst  lever  is  placed  under  the  power 

end  of  the  second  lever,  it  will  exercise  a  force  of  ten  pounds  upon  it.  The 
second  lever  being  raised  with  a  force  of  ten  pounds,  and  having  the 
same  mechanical  advantage  as  the  first,  wiU  press  down  the  weight 
end  upon  the  power  end  of  the  third  with  a  force  equal  to  lOQ  poaxids. 
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This  force  of  100  pounds,  being  applied  to  the  power  end  of  the  third 
lever,  will  act  npon  the  same*  principles  as  the  others,  and  raise  the 
w^M  end  with  a  force  of  1,000  pounds.  ' 

[In  calculating  the  action  of  any 
compound  system  of  levers,  it  does 
not  affect  tne  piinciples  of  calcula- 
tion if  some  of  the  levers  are  of  the 
first  kind,  and  some  of  any  other. 
The  rule  is  to  "mxdtiply  the  weight 
on  any  lever  by  its  distance  from 
the  fulcrum,  and  multiply  the  power 
by  its  distance  from  the  same  point ; 
if  the  products  are  equal,  then  the 
weight  and  power  will  balance  each 
other."  If  we  wish  to  calculate  the 
effect  of  the  system  given  in  Fig, 
155,  WQ  must  multiply  the  length 
of  the  long  arm  by  the  power,  and 
multiply  the  short  arm  by  the  weight 
or  resistance  offered.] 

For  many  of  the  purposes  of 
science,  levers  are  used  to  magnify 
smaU.  motions.  The  power  causing 
the  motion  is  applied  by  a  short  arm  near  to  the  fulcrum  of  the  lever ;  and 
the  other  arm,  which  ^may  be  ten,  twenty,  or  more  times  longer,  moves 
over  a  graduated  scale.    The  pyrometer  is  an  example  of  this  application. 

The  most  accurate  means  oi  determining  the  weight  of  bodies  is  by  the 
lever.  When  arranged  for  this  purpose,  it  passes  under  the  name  of  "  The 
Balance."  It  is  a  lever  of  the  first  kind  with  equal  arms.  Various  forms  are 
given  to  it,^  and  various  contrivances  annexed  for  the  purpose  of  insuring  its 
Bffhtness,  its  inflexibility,  and  the  absolute  equality  of  the  lengths  of  its  arms. 
Fig.  156  represents  one  of  the  best  kinds :  aais  the  beam ;  c  is  the  fulcrum,  or 
centre  of  motion ;  d  doxe  the  scale-pans,  in  which  the  weights  and  objects  to 
be  ireighed  are  applied ;  their  points  of  suspension  are  at  a  a.  With  a  view 
of  reducing  friction,  the-  axis  of  motion,  c,  and  both  the  points  of  suspension, 
are  knife-edges  of  hard  steel,  working  on  planes  of  agate ;  and  to  preserve 
them  uninjured,  the  beam  and  the  scale-pans  are  supported  upon  props, 
except  at  the  time  a  substance  is  to  be  weighed.  Then,  by  moving  the 
hancUe,  /,  the  axis  of  motion  is  deposited  slowly  on  its  agate  plane,  and  the 
scale-pans  on  their  points  of  suspension,  and  the  beam  tlJown  into  action. 

In  baluices  it  is  essential  that  the  centre  of  gravity  should  have  a  parti- 
cular position.  The  cause  of  this  will  be  appreciated  from  what  has  been 
aaid  in  Chapter  XXJV.  Thus,  if  the  centre  of  gravity  coincided  with  the 
centre  of  motion,  the  balance  beam  would  not  vibrate,  but  would  stand  in  a 
position  of  different  equilibrium,  whatever  angular  position  might  be  given 
to  its  arms. 

If  the  centre  of  gravity  was  above  the  axis  of  motion,  the  balance  would 
be  in  a  condition  of  unstable  equilibrium,  and  would  overset  by  the  slightest 
increase  of  weight  on  either  side,  the  centre  of  gravity  coming  down  to  the 
lowest  point.  But  when  it  is  beneath  the  axis  of  motion,  the  balance 
librates  like  a  pendulum,  and  neither  sets  nor  oversets.    It  is  essential^ 
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tlierefore,that  in  all  these  instminenis  the  centre  of  gravity  should  be  below 
the  centre  of  motion.  And  it  might  be  shown 
that  the  sensibility  of  the  balance,  or,  in  other 
words,  the  smallness  of  the  weight  it  will  detect, 
becomes  greater  as  these  two  centres  approach 
each  other. 

The  diflferent  kinds  of  weighing-machines  are 
either  modified  levers  or  combinations  of  levers. 
Examples  occur  in  the  machine  for  weighing 
loaded  carts,  in  the  steelyard,  which  is  a  lever  of 
unequal  arms,  and  in  the  bent  lever  balance. 
The  latter  is  represented  in  Fig.  157.  It  consists 
of  'a  Jbent  lever,  ABC,  the  end  of  which,  C,  is 
loaded  with  a  fixed  weight.  This  lever  works  on 
a  fulcrum,  B,  supported  on  a  pillar,  H,  J.  From 
the  arm.  A,  is  suspended  a  scale-pan,  £,  and  to 
Fig.  167.  the  pillar  there  is  affixed  a  divided  scale,  F  G, 

over  which  fiie  lever  moves.  Through  B  draw  the  horizontal  line,  Or  K,  and 
let  fall  from  it  the  nerpendiculais,  A  K,  D  C.  Then  if  B  K  and  B  D  are 
inversely  proportional  to  the  weight  in  the  scale,  E,  and  the  fixed  weight,  C, 
the  balance  will  be  in  equilibrio  ;  but  if  they  are  not,  then  the  lever  moves, 
C  goinff  farther  from  the  fulcrum,  and  stopping  when  equilibrium  is 
attained.  The  scale,  F  G,  is  graduated,  by  previously  putting  known 
weights  in  E. 


CHAPTER  XXVIII. 

THE  PULLEY — THE  WHEEL  AND  AXLE. 

Description  of  the  Pulley — Latcs  of  the  Lever  apply  to  it —  Use  of  tJie  Fixed 
Pulley — The  Movable  Pulley — Runners — Systems  of  PiUleys-^  Whitens 
Pulley — Law  of  Equilibrium — Advantages  of  the  Wheel  and  Axle  over 
the  Lever —  Windlass —  Capstan —  Wheelworh — Different  kinds  of  Toothed 
Wheels, 

The  pulley  is  a  wheel,  round  the  rim  of  which  a  groove  is  cut,  in  which  a 
cord  can  work,  and  the  centre  of  which  moves  on  pivots  in  a  block.  The 
wheel  sometimes  passes  under  the  name  of  a  sheave. 

By  a  fixed  pulley,  we  mean  one  which  merely  revolves 
on  its  axis,  but  does  not  change  its  place.  The  power 
is  applied  to  one  end  of  the  cord,  and  the  weight  to 
the  other. 

The  action  of  the  pulley  may  be  readily  ♦understood 

^^       r^  w  ^^^  *^^*  ^^  ^^  lever.     Let  c,  Fig.  158,  be  the  ajcis  of 

V      <>        V  the  pulley;  5,  the  point  to  which  the  weight  is  at- 

x^    ^X  tached ;    a,    the  point  of  application  of  the  power ; 

,  draw  the  lines,  c  6,  c  a — ^they  represent  the  arms  of 

y'  >k  a  lever — and  the  law  of  the  equilibrium  of  a  lever, 

^         i/Mi   ^  therefore,    applies  in  this   case  also;  and  as  these 

±ig.  108.  gjjjj^g  ^g  necessarily  equal  to  each  other,  the  puUey 

will  bs  in  equilibrio  when  the  weight  and  power  are  equal. 
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If  the  direction  in  whicli  the  power  is  applied,  instead  of  being  P  a,  is 
P'  o',  the  same  reasoning  holds  good.  For,  on  drawing  C  a',  as  before,  it 
is  obvious  that  b  c  a  represents  a  bent  lever  of  equal  arms.  The  condition 
of  equilibrium  is,  therefore,  the  same. 

The  fixed  pulley  does  not  increase  the  power,  but  it  renders  it  more  avail- 
able, by  permitting  us  to  applv  it  in  any  desired  direction. 

To  prove  the  properties  of  the  pulley  experimentally,  hang  to  the  ends  of 
its  cord  equal  weights ;  they  will  remain  in  equilibrio. 
Or,  if  the  power  l^  increased,  so  as  to  make  the  weight 
^  ascend,    the    vertical    distances 
-^  passed  over  are  equal. 

The  movable  pulley  is  repre- 
sented at  Fig.  159.  Its  peculi- 
arity is  that,  besides  the  motion 
on  its  own  axis,  it  also  has  a  pro- 
gressive one.  Let  b  be  the  axis  of 
the  pulley,  and  to  it  the  weight, 
W,  is  attached;  the  power  is  ap- 
plied at  a.  Draw  the  diameter, 
a  c,  then  c  is  the  fulcrum  of  a  c, 
which  is  in  reality  a  lever  of  the 
third  order,  in  which  the  distance, 
a  Cf  of  the  power  is  twice  that,  b  c, 
of  the  weight.  Consequently  * '  the 
movable  pulley  doubles  the  effect 
of  the  power,"  and  the  distance 
power  is  twice  that  traversed  by  the  weight, 

A  movable  pulley  is  sometimes  called  "a  runner;" 
and  as  it  would  be  often  inconvenient  to  apply  the 
power  in  the  upward  direction,  as  at  a  P,  there  is 
commonly  associated  with  the  runner  a  fixed  pulley, 
which,  without  changing  the  value  of  the  power,  enables 
us  to  vary  the  direction  of  its  action. 

Systems  of  pulleys  are  arrangements  of  sheaves, 
movable  and  fixed. 

"When  one  fixed  pulley  acts  on  a  number  of  mov- 
able ones,  equilibrium  is  maintained  when  the  power  and  weight  are  to  each 
other  as  1  to  that  power  of  2  which  equals  the  number  of  the  movable  pulleys. 
Thus,  if  there  be,  as  in  Fig.  160,  three  n^ovable  pullevs,  the  power  is  to 
the  weight  as  1  :  2^  that  is,  1  :  8;  consequentiy,  on  such  a  system,  a  given 
power  will  support  an  eightfold  weight. 

When  several  movable  and  fixed  pulleys  are  employed,  as  in  Fig.  161, 
equilibrium  is  obtained  when  the  power  equals  the  weight  divided  by 
twice  the  number  of  movable  pulleys.  The  weight  being  equally  di- 
vided between  the  six  lines,  it  follows  that  each  is  drawn  by  ^th  of  the 
weight,  W.  Consequently,  if  sixty  pounds  weight  is  suspended  to  the  bottom, 
each  line  would  be  drawn  upon  by  a  force  of  ten  pounds.  If  we  wish  to 
keep  this  machine  in  a  state  of  equilibrium,  we  must  attach  a  weight,  P,  of 
ten  pounds  to  the  end  of  the  line. 

In  such  systems  of  pullers  there  is  a  great  loss  of  power  arising  from  the 
friction  of  the  sheayes  against  the  sides  of  the  blocks,  and  on  their  axlea« 


Fig.  169. 
traversed  by  the 


98* 


THE  HOME  XUTOB. 


In  White's  pulley  this  is,  to  a  considerable  extent,  avoided.  This  con- 
trivance is  represented  in  Fig.  162.  It  consists  of  several  sheaves  of  un- 
equal diameters,  all  turned  on  one  common  mass, 
and  working  on  one  common  axis.  The  diameters 
of  these,  in  the  upper  blocks,  are  as  the  numbers 
2,  4,  6,  &o. ;  and  in  the  lower,  1,  3,  5,  &c.  ;  conse- 
quently they  all  revolve  in  equal  times,  and  the  rope 
passes  without  sliding  or  scraping  upon  the  grooves. 

WHEELS  AND  AXLES. 

The  wheel  and  axle  consist  of  a  cylinder  revolv- 
ing upon  an  axis,  and  having  a  wheel . 
of  larger  diameter  immovably  affixed 
to  it.    The  power  is  applied  to  the 
circumference  of  the  wheel,  the  weight 
to  that  of  tlie  axle. 

[Let  a  5  be  a  wheel,  c  d,  Fig.  163, 
its  axle,  and  suppose  the  circumfer- 
ence of  the  wheel  to  be  eight  times 
as  great  as  the  circumference  of  the 
axle ;  then  a  power,  P,  equal  to  one 
pound,  hanging  by  the  cord,  I,  which 
goes  round  the  wheel,  will  balance  a 
weight,  W,  of  eight  pounds,  hanging 
by  the  rope,  K,  which  goes  round  the 
axle  ;  and  as  the  motion  on  the 
pivots,  E  F,  or  gudgeons  of  the  axle, 
18  but  small,  a  small  addition  to  the 
power  will  cause  it  to  descend,  and 
raise  the  weight ;  but  the  weight  will 
rise  with  only  an  eighth  part  of  the 
velocity  wherewith  the  power  de- 
Dcends,  and  consequently  through 
no  more  than  an  eighth  part  of  an  equal  space  in  the 
same  time.  If  the  wheel  be  pulled  round  by  the 
handles,  S  S,  the  power  will  be  increased  in  pro- 
Ijortion  to  their  length.  G  is  a  ratchet-wheel  on 
one  end  of  the  axle,  with  a  catch,  H,  to  faU  in  its  teeth. — Ferguson^ a  Lee- 
tureSf  10th  edition^  page  55.] 

The  law  of  equilibrium  is,  that  "the  power  must  be 
to  the  weight  as  the  radius  of  the  axle  is  to  that  of  the 
wheel." 

This  instrument  is,  evidently,  nothing  but  a  modifi- 
cation of  the  lever;  it  may  be  regarded  as  a  con- 
tinuously acting  lever ;  in  fact,  it  is  sometimes  called 
"the  perpetual  lever."  In  its  mode  of  action  the 
common  lever  operates  in  an  intermittent  way,  and,  as 
it  were,  by  small  steps  at  a  time.  A  mass  which  ift 
forced  up  by  a  lever  a  short  distance  must  be  tem- 
porarily propped,  and  the  lever  fe-adjusted  before  it- 
can  be  brought  into  action  again ;  but  the  wheel  and 
_.  ,^  ..  axle  iontinue  their  operatiooi  constantly  in  the 
^4^'  direction. 
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Fig.  164. 


[The  inconvenienoe  of  having  a  large  wheel  and  very  slender  axle  may 
be  avoided,  without  lessening  the  mechanical  advantage,  by  employing  a 
machine  called  the  **  Chinese  wheel  and  axle," 

r  which  consists  of  two  cylinders,  one  larger  than ' 
the  other,  turning  about  the  same  axis.     The 
weight  is  attached  to  a  pulley,  which  plays  on  a 
long  cord,  which  is  coiled  round  both  axles  in 
contrarv  directions.     When  the  winch  is  turned, 
one  end.  of  the  cord  uncoils  from  the  smdiler 
cvlinder,  and  is  wound  round  the  larger ;  thus 
the  weight  is  elevated  at  each  turn,  through  a 
space  equal  to  half  of  the  difference  between 
the  circumference  of  the  two  cylinders.     There- 
fore the  advantage  of  this  machine,  with   its  . 
pulley,  is  in  the  ratio  of  the  diameter  of  the  larger  ' 
cylinder  to  half  its  excess  above  that  of  the 
lesser  one.]    (Fig.  164.) 
That  this  is  its  mode  of  action  may  be  imderstood  from  considering  Fig. 

165,  in  which  let  c  be  the  common  centre  of  the 

axle,  c  by  and  of  the  wheel,  c  a^  a  the  point  of 

applic&tion  of  the  power,'  P,  and  h  that  of  the  weight, 

"W.     Draw  the  hue  act;  it  evidently  represents 

a  lever  of  the  first  order,  of  which  the  fulcrum  is 

c,  and  from  the  principles  of  the  lever  it  is  easv 

to  demonstrate  the  law  of  equilibrium  of  this 

machine,  as  just  given.    Further,  it  is  immaterial  ^ 

in  what  direction  the  power  be  applied,  as  P'  at  P' 

the  point,  a';  ioi  a'ch  still  forms  a  bent  lever,  and 

the  same  principle  still  holds  good. 

[The  effect  of  the  wheel  depends    upon  the 

superiority^  of  the  radius,  or  diameter  of  the  wheel,  ^^^'  ^^' 

to  that  of  the  axle.     In  Fig.  166  we  see  that  the  weight,  "W,  corresponds 

with  the  counteracting  force,  P,  in  an  inverse  ratio  to  the  arms  of  the  lever ; 
that  is,  inversely  to  the  radii,  a  h  and  rfc,  of  the 
wheel.  Let  us  suppose  that  the  radius,  a  6,  of 
the  axle  is  four  times  less  than  the  radius,  d  c, 
of  the  wheel,  we  may  equipoise  a  weight  of 
eighty  pounds  by  a  force  of  twenty  pounds.] 

Sometimes  the  wheel  is  replaced  by  a  winch, 
as  in  Fig.  167  ;  it  is  then  called  a  "  windlass," 
if  the  motion  is  vertical ;  but  if  it  be  hori- 
zontal, as  in  Fig.  168,  the  machine  is  called  a 
"  capstan,"  which  differs  from  a  windlass  in 
having  its  revolving  axis  placed  vertically.  The 
circumference  is  pierced  with  holes,  whieh 
receive  long  levers,  called  capstan-bars,  by 
whioh  it  is  worked  hymen,  who  walk  lomid 
it  revolve  by  pressing  the  ends  of   the  levers 


Fig.  166. 

and  make 


ilie  capstan, 
lorwara. 

[Tlfe  treadmill  is  another  variety.     In  this  case  the  weight  of  several 
people  treading  on  the  circumference -of  a  long  wheel  oanses  it  to  revolve* 
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The  paddle-wheel  of  a  steamboat  acts  on  the  same  principle ;  tho  water, 
which  offers  a  resistance  to  the  motion  of  the  paddle-boards,  is  the  power.] 

Wheels  and  axles  are  often  made  to  act  iipon  one  another  by  the  aid  of 
fiogs,  as  in  clockwork  and  mill  machinery.  Li  these  cases  the  cogs  on  the 
periphery  of  the  wheel  take  the  name  of  teeth,  those  on  tibie  axle  the  name  of 
leaves,  and  the  axle  itself  is  called  a  pinion. 

The  law  of  equilibrium  of  such  machines  may  be  easily  demonstrated  to 
be,  that  the  power  multiplied  by  the  product  of  the  number  of  teeth  in  idl 


Fig.  167. 


Fig.  168. 


Fig.  169. 


the  wheels,  is  equal  to  the  weight  multiplied  by  the  product  of  the  number 
of  leaves  in  all  tne  pinions. 

A  system  of  wheel  and  pinion  work  is  represented  at  Fig.  169.  It  is 
scarcely  necessary  to  observe,  that  in  it,  as  in  all  other  cases,  the  law  of 
virtual  velocities  holds  good — the  power  multiplied  by  the  velocity  of  the 
power  is  equal  to  the  weight  multipued  by  the  velocity  of  the  weight. 

In  the  construction  of  such  machinery  attention  has  to  be  paid  to  the  form 
<of  the  teeth,  so  that  they  may  not  scrape  or  jolt  upon  one  another.  Several 
•of  them  should  be  in  contact  at  once,  to  diminish  the  risk  of  fracture  and 
the  wear. 

If  the  teeth  of  a  wheel  be  in  the  direction  of  radii  from  its  centre  it  is 
..called  a  spur-wheel. 

If  the  teeth  are  parallel  to  the  axis  of  the  wheel  it  is  called  a  crown-wheel. 

If  the  teeth  are  oblique  to  the  axis  of  the  wheel  it  is  called  a  beveUed- 
wheel. 

By  combining  these  different  forms  of  wheel  suitably  together,  the  result- 
ing motion  can  be  transferred  to  any  required  plane.  Thus  by  a  pair  of 
bevelled-wheels  motion  round  a  vertical  axis  may  be  transferrecl  to  a  hori- 
zontal one,  or,  indeed,  one  in  any  other  direction. 

When  a  pinion  is  made  to  work  on  a  toothed  bar,  it  constitutes  a  rack. 
This  contrivance  is  under  the  same  law  as  the  wheel  and  axle. 


CHAPTER  XXIX. 

THE  INCLINED  PLANE — THE  WEDGE — THE  SCBEW. 

Description  of  the  Inclined  Plane—Modes  of  applying  the  Power — Condi- 
tions of  Equilibrium  when  the  Power  is  Parallel  to  the  Plane  or  Parallel 
to  the  Base— Position  of  Greatest  Advantage — Description  and  Mode  of 
using  the  Wedge — Formation  of  the  Screw, 

By  the  inclined  plane  we  mean  the  unyielding  plane  surface  inclined  ob- 
liquely to  the  resistance  to  be  overcome. 
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'Fig.  170- 


In  Fig.  170,  A  C  represents  the  inclined  plane;  the  angle  at  A  is  the  eleva- 
tion of  the  plane ;  the  line  A  C  is  the  length, 
C  B  is  the  height,  A  B  the  base. 

In  the  inclmed  plane  the  power  may  be  applied 
in  the  following  directions: — 1.  Parallel  to  the 
plane ;  2.  Parallel  to  its  base ;  3.  Parallel  to  neither 
of  these  lines. 

As  in  the  former  cases,  so  in  this — the  conditions 
of  the  equilibrium  may  be  deduced  from  those  of 
the  lever. 

Let  us  take  the  first  instance,  when  the  power  is 
applied  parallel  to  the  inclined  plane.  LetQ,  Fig.  170,  be  a  body  placed  upon  the 
plane,  A  C,  the  height  of  which  is  B  C,  and  the  base  A  B.  Ihe  weight  of  this 
body  acts  in  the  vertical  direction,  a  W ;  the  body  rests  on  the  point,  c,  as 
on  a  fulcrum  ;  and  the  power,  P,  under  the  supposition,  acts  on  Q,,  in  the 
direction  a  P.  From  the  fulcrum,  c,  draw  the  perpendicular,  c  by  to  the 
line  of  direction  of  the  weight,  a  W  ;  draw  also  c  a.  Then  does  bca  repre- 
sent a  bent  lever,  the  power  being  applied  to  the  point,  a,  and  the  weight 
at  the  point,  b ;  and,  therefore,  the  power  is  to  the  weight  as  6  c  is  to  a  c ;  but 
the  triangles,  a  6  c,  A  B  C,  are  similar  to  each  other.  Therefore  we  arrive 
at  the  following  law : — 

When  the  power  acts  in  a  direction  parallel  to  the  inclined  plane,  it  wiU  be 
in  equilibrio  with  the  weight  when  it  is  to  the  weight  as  the  perpendicular 
of  the  plane  is  to  its  length. 

In  a  similar  manner  it  may  be  shown  that  when  the  power  acts  parallel 
to  the  base  it  will  be  in  equilibrio  with  the  weight,  if  it  be  to  the  weight  as 
the  perpendicular  of  the  plane  is  to  its  base. 

In  different  inclined  planes  the  power  increases  as  the  height  of  the  plane, 
compared  with  its  length,  diminishes,  and  the  best  direction  of  action  is 
parcel  to  the  inclined  plane.  This  is  very  evident  from  the  consideration 
that,  if  the  power  be  directed  above  the  plane,  a  portion  of  it  is  expended  in 
lifting  the  weight  off  the  plane,  while  the  diminished  residue  draws  it  up. 
If  it  be  durected  downward  a  part  is  expended  in  pressing  the  weight  upon 
the  plane,  and  the  diminished  residue  draws  it  up.  Therefore,  if  the  power 
acts  parallel  to  the  plane,  it  operates  under  the  most  advantageous  condition. 
The  laws  of  the  inclined  plane  may  be  illustrated  by  an  instrument  such 

as  is  represented  in  Fig.  171,  in  which 
A  c  A'  c'  is  the  plane,  which  may  be  set 
at  any  angle.  It  works  upon  an  axis, 
A  A'.  Upon  the  plane  a  roller,  e,  moves. 
It  has  a  string  passing  over  a  pulley,  rf, 
and  terminating  in  a  scale-pan,  /,  in 
which  weights  may  be  placed.  The  di- 
rection of  the  string  may  be  varied,  so  as 
to  be  parallel  to  the  plane,  or  the  base, 
Fig.  171,  Qp  ajjxy  other  direction. 

The  inclined  plane  is  used  for  a  variety  of  purposes — ^very  frequently  for 
facilitating  the  movements  of  heavy  loads 

THE  WEDGE. 

The  wedge  may  be  regarded  as  two  inclined  planes  laid  base  to  haafe- 


102 


THB  HOME  TITTOB. 


Fig.  174. 


B  1)  A,  Fig.  172,  being  one,  and  B  C  A  being  the  other.     The   planes, 
C  A  and  1)  A,  constitute  the  sides  or  faces  of  the  wedge ;  B  is  its  back,  and 

B  A  its  length. 
The  mode  of  employing  the  wedge  is  not  by  the  agency 

of  pressure,  but  of  percussion.     Its  edge   being  inserted 

into  a  fissure,  the  wedge,  as  in  Fig.  173,  is  driven  in  by 

blows  upon  its  back. 

After  it  has  been 

struck     for    some  j 

ti  ne,  the  wedge  en- 

t3rs    further    into 

the    substance    of 

the  wood,  as  in 
Fig.  174,  and  when  the  wood  cannot 
be  compressed  any  more,  the  wedge 
splits  it,  as  in  Fig.  175.  It  is  kept 
from  recoiling  by  the  friction  of  its 
sides  against  the  surfaces  past  which 
it  has  been  forced. 

This  mode  of    application  of    the    j.-     jy^ 
wedge  prevents  us  from  comparing  its 
theory  with  that  of  the  inclined  plane — a  power  to  which  it  has  so  much 
external  resemblance. 

The  power  of  the  wed^e  increases  as'the  length  of  its  back,  compared 
with  that  of  its  sides,  is  diminished.     As  instances  of  its  application,  we  may 

mention  the  splitting   of  timber,  the  raising  of  heavy 
^ ^  weights,  such  as  ships.  Different  cutting  instruments,  as 

chisels,  &o.,  act  in  consequence  of  their  wedge-shaped 

form. 

THE  SCBEW. 

If  we  take  a  piece  of  paper  cut  into 
a  long,  right-angled  triangle,  Fig. 
176,  and  wind  it  about  a  cylinder, 
Fig.  177,  so  that  the  height,  C  B,  of 
the  triangle  is  parallel  to  the  axis, 
the  length,  A  C,  will  trace  a  screw 
line  on  the  surface.  The  same  results  if  we  take  a  cylinder 
and  wind  upon  it  a  flexible  cord,  so  that  the  strands  of 
the  cord  uniformly  touch  one  another. 

In  any  screw  tne  line  which  is  thus 
traced  upon  the  cylinder  goes  under 
the  name  of  the  **  worm,"  or  **  thread," 
and  each  complete  turn  that  it  makes 
is  called  a  **  spire."  The  distance 
from  one  thread  to  another,  which,  of 
xjourse,  must  be  perfectly  uniform 
throughout  the  screw,  is  called  the 
breadth  of  the  worm. 

[The  thread  of  a  screw  may  have  a 
thin  sharp  edgie,  as  in  Fig.  178,  or  a  square  edge,  as  in  Fig. 
eithier  ease  the  prinoiple  of  its  action  is  the  same. 
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Fig.  177. 


Fig.  178.  Fig.  179. 
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Fig.  180. 


In  most  cases  the  screw  requires  a  corresponding  cavity  in  which  it  may 
work ;  this  passes  under  the  name  of  a  **  nut."  Sometimes  the  nut  is  caused. 
to  move  upon  the  screw,  and  sometimes  the  screw  in  the  nut.  In  either  case 
the  movable  part  requires  a  lever  to  be  attached,  to  the  end  of  which  the 
power  is  applied. 

The  law  of  equilibrium  of  the  screw  is,  that  **  the  power  is  to  the  weight 
as  the  breadth  of  the  worm  is  to  the  circumference  described  by  that  point 
of  the  lever  to  which  the  power  is  attached." 

"When  the  end  of  a  screw  is  advanciag  through  a  nut,  this  law  evidently 
becomes  that  the  power  is  to  the  weight  as  the  circumference  described  by 
the  power  is  to  the  space  through  which  the  end  of  the  screw  advances.  It 
is  obvious,  therefore,  that  the  force  of  the  screw  increases  as  its  threads  are 
finer,  and  as  the  lever  by  which  it  is  urged  is  longer. 

"WTien  the  thread  of  a  screw  works  in  the  teeth  of  a  wheel,  as  shown  in 
Fig.  180,  it  constitutes  an  endless  screw.     An  important  use  of  this  con- 
trivance is  in  the  engine  for  dividing  graduated 
circles.     This  screw  is  also  used  to  produce  slow 
motions,   or  to  measure,  by  the  advance  of  its 
[ipBi  ^^HB3H  "^"Jr  point,  minute  spaces.     In  the  spherometer,  repre- 
ilPSJfefc^l  *  sented  in  Fig.  5,  page  6,  we  have  an  example. of 

IBl^BBlBh  For  all  those  purposes  where  slow  motions  have 

to  be  given,  or  minute  spaces  divided,  the  efficacy 
of  the  screw  will  increase  with  the  closeness  of  its 
thread.  But  there  is  soon  a  practical  limit  attained ;  fory  if  the  thread  be 
too  fine,  it  is  liable  to  be  torn  off.  To  avoid  this,  and  to  attain  those  objects 
almost  to  an  unlimited  extent.  Hunter*  s  screw  is  often  used.  It  may  be 
understood  from  Fig.  181.  It  consists  of  a  screw, 
working  in  a  nut,  a  b.  To  a  movable  piece,  e,  a 
second  screw,  c,  is  affixed.  This  screw  works  in  the 
interior  of  a,  which  is  hollo jv,  and  in  which  a  corre- 
sponding thread  is  cut. 
While,  therefore,  a  is 
screwed  downward,  the 
threads  of  c  pass  upward, 
and  the  movable  piece, 
c,  advances  through  a 
space  which  is  equal  to 
^the  difference  of  the 
**  '' — '^*  breadth  of  the  two  screws. 

Fig.  181.  In  this  way  very  slow  or 

minute  motions  may  be  obtained  with  a  screw, 
tiie  threads  of  which  are  very  coarse. 

[Sometimes  the  lever    is    inseited   into,   or 
passes  through,  the  nut  into  which  the  screw  is    v    — 
inserted,  as  in  Fig.  182.    In  this  case  the  nut  Fig.  182. 

forces  the  screw  upwards  or  downwards,  accord- 
ing to  droamstanoes.] 
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CHAPTER  XXX. 

OP  PASSITE  OK  KESISTING  FOBCES. 

JHfference  between  ihe  Theoretical  and  Actual  JResults  of  Machinery —  Qf 
Impediments  to  Motion — Friction — Sliding  and  Rolling  Friction — Co- 
efficient of  Friction — Action  of  Unguents — JResistance  of  Media — 
txeneral  Phenomena  of  Resistance — Rigidity  of  Cordage, 

It  has  already  been  stated,  in  the  foregoing  chapters,  that  the  properties 
of  machinery  are  described  without  taking  into  account  any  of  those  resisting 
agencies  which  so  greatly  compb'cate  their  action.  The  results  of  the  theory 
of  a  machine  in  this  respect  differ  very  widely  from  its  practical  operation. 
There  are  resisting  forces  or  impeding  agencies  which  have  thus  far  been 
kept  out  of  view.  We  have  described  levers  as  being  inflexible,  the  cords  of 
pulleys  as  perfectiy  pliable,  and  machinery  generally  as  experiencing  no 
mction.  In  the  case  of  one  of  the  powers,  it  is  true  that  this  latter  resisting 
force  must  necessarily  be  taken  into  account;  for  it  is  upon  it  that  the 
efficacy  of  the  wedge  chiefly  depends. 

•So,  too,  in  speaking  of  the  motion  of  projectiles,  it  has  been  stated  that 
the  parabolic  theory  is  wholly  departed  from,  by  reason  of  the  resistance  of 
the  air ;  and  that  not  only  is  the  path  of  such  bodies  changed,  but  their 
range  becomes  vastly  less  than  what,  upon  that  theory,  it  should  be.  Thus, 
a  24-pound  shot,  discharged  at  an  elevation  of  45"  with  a  velocity  of  2,000 
feet  per  second,  would  range  a  horizontal  distance  of  125,000  feet  were  it 
not  for  the  resistance  of  the  air ;  but  through  that  resistance  its  range  is 
limited  to  about  7,300  feet. 

Of  these  impediments  to  motion,  or  passive  or  resisting  forces,  three 
leading  ones  may  be  mentioned.  They  are,  1st,  friction ;  2nd,  resistance  of 
the  media  moved  through ;  3rd,  rigidity  of  cordage. 

OF  FEICTION. 

Friction  arises  from  the  adhesion  of  surfaces  brought  into  contact,  and  is 
of  different  kinds — as  sliding  friction  j  when  one  surface  moves  parallel  to  the 
other ;  rolling  friction,  when  a  roimd  body  turns  upon  the  surface  of  another. 

By  the  measure  of  friction  we  mean  that  part  of  the  weight  of  the  moving 
body  which  must  be  expended  in  overcoming  the  friction.  The  friction 
"which  expresses  this  is  termed  the  co-efficient  of  Mction.  Thus,  the  co-efficient 
of  sliding  friction  in  the  case  of  hard  bodies,  and  when  the  weight  is  small, 
ranges  from  one-seventh  to  one-third. 

[We  are  not  to  consider  friction  as  a  small  force,  slightiy  modifying  the 
effects  of  other  agencies.  On  the  contrary,  its  amount  is  in  most  cases  vejy 
great.  When  a  body  lies  loose  on  the  ground  the  friction  is  equal  to  on^- 
third  or  one-half,  or  in  some  cases  of  bodies  supported  by  oblique  pressure 
the  amount  is  far  more  enormous.  In  the  arch  of  a  bridge,  the  friction 
which  is  called  into  play  between  two  of  the  vaulting  stones  may  be  equal 
to  the  whole  weight  of  the  bridge.  In  such  cases  this  conservative  force  is 
so  great,  that  the  common  theory,  which  neglects  it,  does  not  help  us  even 
to  guess  what  will  take  place.  According  to  the  theory,  certain  forms  of 
arches  only  will  stand ;  but  in  practice  almost  any  form  will  stand,  and  it  is 
not  easy  to  construct  a  model  of  a  bridge  which  will  falL 
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[We  may  see  the  great  force  of  friction  in  the  brake,  by  which  a  large 
weight  running  down  a  long  inclined  plane  has  its  motion  moderated  an4 
stopped ;  in  the  windlass,  where  a  few  coils  of  the  rope  round  a  cylinder 
sustain  the  stress  and  weight  of  a  large  iron  anchor ;  in  the  mode  of  raising 
large  blocks  of  granite  by  an  iron  rod  driven  into  a  hole  in  the  stone. 
Probably  no  greater  forces  are  exercised  in  any  processes  in  the  arts  than  the 
force  of  friction;  and  it  is  always  employed  to  produce  rest,  stability, 
moderate  motion.  Being  always  ready  and  never  wearied,  always  at  hand, 
and  augmenting  with  the  exigency,  it  regulates,  controls,  subdues  all 
motions  ;  counteracts  all  other  agents ;  and,  finally,  gains  the  mastery  over 
all  other  terrestrial  agencies,  however  violent,  frequent,  or  long-continued. 
The  perpetual  action  of  all  other  terrestrial  forces  appears,  on  a  large  scale, 
only  as  so  many  interruptions  of  the  constant  and  stationary  rule  of  friction. 
— "  Astronomy  and  General  Physics, ^^  by  Professor  WheweU.'] 

It  has  been  proved  by  experiment  that  friction  increases  as  the  weight  or 
pressure  increases,  and  as  the  surfaces  in  contact  are  more  extensive,  and  as 
the  roughness  is  greater.  With  surfaces  of  the  same  material  it  is  nearly 
proportional  to  the  pressure.  The  time  which  the  surfaces  have  been  in 
contact  appears  to  have  a  considerable  influence,  though  this  differs  much 
with  surfaces  of  different  kinds.  As  a  general  rule,  similar  substances  give 
rise  to  greater  friction  than  dissimilar  ones. 

On  tiie  contrary,  friction  diminishes  as  the  pressure  is  less,  as  the  polish 
of  the  moving  surfaces  is  more  perfect,  and  as  the  surfaces  in  contact  are 
smaller.  It  may  also  be  diminished  by  anointing  the  surfaces  with  some 
suitable  unguent  or  greasy  material.  Among  such  substances  as  are  com- 
monly used  are  the  different  fats,  tar,  and  black-lead.  By  such  means, 
friction  may  be  reduced  to  one-fourth. 

Of  the  fnction  produced  by  sliding  and  rolling  motions,  the  latter,  under 
similar  circumstances,  is  far  the  least.  This  partly  arises  from  the  fact  that 
the  surfaces  in  contact  constitute  a  mere  line,  and  partiy  because  the 
asperities  are  not  abraded  or  pushed  aside  before  motion  can  ensue.  The 
nature  of  this  distinction  mav  be  clearly  understood  by  observing  what  takes 
place  when  two  brushes  with  stiff  bristies  are  moved  over  one  another,  and 
when  a  roimd  brush  is  rolled  over  a  flat  .one.  In  this  instance,  the  rolling 
motion  lifts  the  resisting  surfaces  from  one  another ;  in  the  former,  they 
require  to  be  forcibly  puSied  apart. 

Though,  in  many  instances,  friction  acts  as  a  resisting  agency,  and 
diminishes  the  power  we  apply  to  machines,  in  some  cases  its  effects  are  of 
the  utmost  value.  Thus,  when  nails  or  screws  are  driven  into  bodies,  with 
a  view  of  holding  them  together,  it  is  friction  alone  which  maintains  them 
in  their  places.     The  case  is  precisely  the  same  as  in  the  action  of  a  wedge. 

RESISTANCE   OP  MEDIA. 

A  great  many  results  in  natural  philosophy  illustrate  the  resistance  which 
media  offer  to  tiie  passage  of  bodies  through  them.  The  experiment  known 
under  the  name  of  the  guinea  and  feather  experiment  establishes  this  for 
atmospheric  air.  In  a  very  tall  air-pump  receiver  there  are  suspended  a 
piece  of  coin  and  a  feather  in  such  a  way  that,  by  turning  a  button,  the 
meoe  on  which  they  rest  drops,  and  permits  them- to  fall  to  the  ^ump-plate. 
Now,  if  the  receiver  be  full  of  atmospheric  air,  on  letting  the  objects  fall,  it 
will  be  found  that,  while  the  coin  descends  with  rapidity,  and  reaches  in  an 
imitant  the  pump-pUte,  the  feather  oomes  down  leisurely,  bQix\%W<(:i^«^^x^ 
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by  the  air,  and  the  speed  of  its  motion  resisted.  But  if  the  air  if  first 
extracted  by  the  pump,  and  the  objects  allowed  to  fall  in  vacuo,  both  pre- 
cipitate themselves  simultaneously  with  equal  velocity,  and  accomplish  their 
fall  in  equal  times. 

In  the  vibrations  of  a  pendulum,  the  final  stoppage  is  due  partly  to  fric- 
tion, and  partly  to  this  cause.  And  in  the  case  of  motions  taking  place  'in 
water,  we  should,  of  course,  expect  to  find  a  greater  resistance,  arising  from 
the  greater  density  of  that  liauid. 

The  resisting  force  of  a  medium  depends  upon  its  density,  upon  the  surface 
which  the  moving  body  presents,  and  on  the  velocity  with  which  it  moves. 

Water,  which  is  800  times  more  dense  than  air,  will  offer  a  resistance  800 
times  greater  to  a  given  motion.  Of  the  two  mills  represented  in  Fig.  35 
(page  25),  that  which  goes  with  its  edge  first  runs  far  longer  than  that 
which  moves  with  its  plane  fiirst.  "We  are  not,  however,  to  understand  that 
the  effect  of  the  medium  on  a  body  moving  through  it  increases  directly  as 
the  transverse  section  of  the  body ;  for  a  great  deal  depends  upon  its  figure. 
A  wedge,  going  with  its  edge  first,  will  pass  through  water  more  easily  than 
if  impelled  wititi  its  back  first,  though,  in  both  instances,  the  area  of  the 
transverse  section  is  of  course  the  same.  It  is  stated  that  spherical  balls 
encounter  one-fourth  less  resistance  from  the  air  than  would  cylinders  of 
e(jual  diameter ;  and  it  is  upon  this  principle  that  the  bodies  of  fishes  and 
birds  are  shaped,  to  enable  them  to  move  with  as  little  resistance  as  may  be 
through  the  media  they  inhabit. 

The  resistance  of  a  medium  increases  with  the  velocity  with  which  a  body 
moves  through  it,  being  as  the  square  of  the  velocitv,  so  long  as  the  motion 
is  not  too  rapid ;  but  when  a  high  velocity  is  reached,  other  causes  come  into 
operation,  and  disturb  the  result. 

As  with  friction,  so  with  the  resistance  of  media,  a  great  many  results 
depend  on  this  impediment  to  motion ;  among  such  may  be  mentioned  the 
swimming  of  fish  tmrough  water,  and  the  flight  of  birds  through  the  air.  It 
is  the  resistance  of  the  air  which  makes  the  parachute  descend  with  moderate 
velocity  downward,  and  causes  the  rocket  to  rise  swiftly  upward. 

BiaiLITT  OE  CORDAGE. 

In  the  action  of  pidleys,  in  machinery  in  which  the  use  of  cordage  is  in- 
volved, the  rigidity  of  that  cordage  is  an  impediment  to  motion.     When  a 
cord  acts  round  a  pulley,  in  consequence  of  imperfect  flexibility,  it  obtains  a 
leverage  on  the  pulley,  as  may  be  understood  from  Fig.  183,  in  which  let 
C  K  D  be  the  pulley  w'orking  on  a  pivot  at  O :  let  A 
and  B  be  weights  suspended  by  the  rope,  A  0  K  D  B. 
From  what  has  been  said  respecting  the  theory  of 
the  pulley,  the  action  of  the  machine  may  be  re- 
garded as  that  of  a  lever,  COD,  with  equal  arms, 
C  0,  0  D.     Now,  if  the  cord  were  perfectly  in- 
flexible, on  making  the  weight,  A,  descend  by  the 
addition  of  a  smafl  weight  to  it,  it  would  take  the 
position  at  A',   the  rope  being  a  tangent  to  the 
pulley  sLtC ;  at  the  same  time  B,  ascending,  would 
take  the  position  B',  its  cord  being  a  tangent  at  D'. 
From  the  new  positions,  A'  B',  which  the  inflexible 
cord  is  thus  supposed  to  have  assumed,  draw  the 
7i«.  183.  perpendiculars,  A/  £,  3'  F,  then  will  0  E,  O  F, 
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represent  the  arms  of  tlie  lever  on  which  they  act — a  diminished  leverage  on 
the  side  of  the  descending,  and  an  increased  leverage  on  the  side  of  the 
ascending  weight  is  the  result. 

In  practice  the  result  does  not  entirely  conform  to  the  foregoing  imaginary 
case,  because  cords  are,  to  a  certain  extent,  flexible.  As  their  pliability 
diminishes,  the  disturbing  effect  is  greater.  The  degree  of  inflexibility 
depends  on  many  casual  circumstances,  such  as  dampness  or  dryness,  or  the 
nature  of  the  substance  of  which  they  are  made.  Inflexibility  increases  with 
the  diameter  of  a  cord,  and  with  the  smallness  of  the  pulley  over  which  it 
rnns. 


SECTION  YI.— UNDULATOEiT  MOTIONS. 

CHAPTER  XXXI. 

OF  "UNDULATIONS. 

Origin  of  Undulations — Progressive  and  Stationary  Undulation — Cqurse  of 
a  Progressive  Wave — Nodal  Points — Three  different  kinds  of  Vibration 
' — Transverse  Vibration  of  a  Cord —  Vibrations  of  Pods — Vibrations  of 
JSlastie  Planes —  Vibrations  of  Liquids —  Waves  on  Water — Law  of  the 
J^eflecUon  of  Undulations — Applied  in  the  case  of  a  Plane,  a  Circte^  an 
JSaipse,  a  Parabola — Case  of  a  Circular  Wave  on  a  Plane — Inter- 
ftrence  of  Waves — Inflection  of  Waves — Intensity  of  Waves — Method  of 
Combining  Systems  of  Waves, 

When  an  elastic  body  is  disturbed  at  any  point,  its  particles  gradually 
return  to  a  position  of  rest,  after  executing  a  series  of  vibratory  movements. 
Thus,  when  a  glass  tumbler  is  struck  by  a  hard  hodj,  a  tremulous  motion  is 
communicated  to  its  mass,  which  gradually  declines  in  force  until  the  move- 
ment finally  ceases. 

In  the  same  manner  a  stretched  cord,  which  is  drawn  aside  at  one  point, 
and  then  suffered  to  go,  is  thrown  into  a  vibratory  or  undulatory  movement ; 
and,  according  as  circumstances  ditf er,  two  different  kinds  of  undulation  may 
he  established:  1st,  progressive  undulations;  2nd,  stationary  undulations. 

In  pro^essive  unaulations  the  vibrating  particles  of  a  boay  communicate 
tiieir  motion  to  the  adjacent  particles ;  a  successive  propagation  of  move- 
ment, therefore,  ensues.  Thus,  if  a  cord  is  fastened  at  one  end,  and  the 
oHier  is  moved  up  and  down,  a  wave  or  undulation,  m  D  w  E  o,  Fig.  184,  is 
produced.  The  part,  m  I)  w,  is  the  elevation  of  the  wave,  D  being  the 
summit,  »  E  o  is  ihe  depression,  E  being  the  lowest  point,  D  ^  is  the  height, 
q  E  llie  dcDth,  and  m  o  the  length  of  the  wave. 

But,  nnaer  the  circumstances  here  considered,  the  moment  this  wave  has 
formed,  it  passes  onward,  and  successively  assumes  the  positions  indicated  at 
I,  n,  III.  When  it  has  arrived  at  the  other  end  of  the  cord,  it  at  once 
letuzns  with  an  inverted  motion,  as  shown  at  IT  and  Y.  This,  therefore,  is 
A  progressive  undulation. 

Again,  instead  of  the  cord  receiving  one  ioctpulse,  let  it  be  agitated  equally 
at  equal  intervals  of  time ;  it  will  then  divide  itteK,  as  shown  in  Fig.  185, 
into  equal  elevations  and  depressions  with  intervening  points,  m  n^  "Hi^^ 
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are  at  rest, 
nodal  points. 


These  are  stationary  undulations,  and  the  points  are  called 


..rrrp^^^o 


The  agents  by  which  undulatory 
movements  are  established  are  chiefly 
elasticity  and      —  ra^ —  tu^ — ^ 

(?»->•  ,  It  ooo 

18    the    elas- 
ticity   of   air  Fig.  185. 
which  enables  it  to  transmit  the  vibra- 
tory motions  which  constitute  sound, 
ana,  for  the  same  reason,  steel  rods 
and  plates  of  glass  may  be  thrown 
into  musical  vibrations.    In  the  case 
of  threads  and  wires,  a  sufficient  de- 
gree of  elasticity  may  be  given  by 
Figv  184.                         forcibly  stretching  them.    Waves  on 
the  surface  of  liquids  are  produced  by  the  agency  of  gravity. 
There  are  three  different  kinds  of  vibrations  into  which  a  stretched  string 
I  may  be  thrown :  transverse,  longitudinal,  and  twisted. 
These  may  be  illustrated  by  the  instrument  repre- 
sented at  Fig.  186.     It  consists  of  a  piece  of  spindly- 
twisted  wire,  stretched  from  a  frame  by  a  weight. 
If  the  lower  end  of  the  wire  be  secured  by  a  clamp, 
on  pulling  the  wire  in  the  middle,  and  then  letting  it 
go,  it  executes  transverse  vibrations,  a.  If  the  weight 
be  gently  lifted,  and  then  let  fall,  the  wire  performs 
I  longitudinal  vibrations ;  and  if  the  weight  be  twisted 
round,  and  then  released,  we  have  rotatory  vibra- 
tions, h. 

Ifwetake  a  string,  o 

a  6,   Fig.   187,  and  ^^^.^--^^  \^ 

having  stretched  it 


Fig.  187. 


Fig.  186.  between   two    fixed 

points,  a  and  &,  draw  it  aside,  and  then  let  it 
go,  it  executes  transverse  vibrations,  as 
has  already  been  described.  The  cause  of  its  motion,  from  the  position  we 
have  stretched  it  to,  is  its  own  elasticity.  This  makes  it  return  from  the 
position,  a  6  c,  to  tiie  straight  line,  a  /  6,  with  a  continually  accelerated 
velocity ;  but  when  it  has  arrived  in  a  /  6,  it  cannot  stop  tnere,  its  mo- 
mentum carrring  it  forward  \jq  a  dh  with  a  velocity  continually  decreasing. 
Arrived  in  this  position,  it  is,  for  a  moment,  at  rest ;  but  its  elasticifrjr 
again  impels  it  as  before,  but  in  the  reverse  direction,  to  o  /  6 ;  and  so  it 
executes  vibrations  on  each  side  of  that  straight  line,  unm  it  is  finally 
brought  to  rest  by  ihe  resistance  of  the  air.  One  complete  movement, 
from  a  c  h  to  a  dh  and  back,  is  called  a  vibration,  and  the  time  occupied  in 
performing  it  the  time  of  an  oscillation. 

The  vibratory  movements  of  such  a  solid  are  isochronous,  or  performed  in 
equal  lines.  Thej  increase  in  rapidity  with  the  tension — ^that  is,  with  the 
elasticity — bein^  as  the  square  root  of  that  force.  The  number  of  vibrations 
in  a  given  time  is  inversely  as  the  length  of  the  string,  and  also  inyersely 
as  its  diameter.  / 
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The  vibrations  of  solid  bodies  may  be  studied  best  under  the  division  of 
cords,  rods,  planes,  and  masses.  The  laws  of  the  vibrations  of  the  first  are 
such  as  we  have  just  explained. 

In  rods  the  traiisverse  vibrations  are  isochronous,  and  in  a  given  time  are 
in  number  inversely  as  the .  squares  of  the  lengths  of  the  vibrating  parts. 
Thus,  if  a  rod  makes  two  vibrations  in  one  second,  if  its  length  be  reduced 
to  half,  it  will  make  four  times  as  many — that  is,  eight ;  if  to  one-fourth, 
sixteen  times  as  many — that  is,  thirty-two,  &c.  The  motion  performed  by 
vibrating  rods  is  often  very  complex.  Thus,  if  a  bead  be  fastened  on  the 
free  extremity  of  a  vibrating  steel  rod.  Fig.  188,  it  will  exhibit  in  its 
y^  motions  a  curved  path,  as  is  seen  at  c.  Rods  may  be  made  to 
<St>r  exhibit  nodal  points.  The  space  between  the  free  extremity  and 
the  first  nodal  point  is  equal  to  half  the  length  contained  between 
any  two  nodal  points,  but  it  vibrates  with  the  same  velocity. 
Thus  a,  Fig.  189,  being  the 
fixed,  and  b  the  free  end  of  such 
a  rod,  the  part  between  h  and  c 
is  half  the  distance,  c  c'. 

When    elastic  planes  vibrate  Fig.  189. 

they  exhibit  nodal  lines,  answering  to  the  nodal  points  in  linear 
vibrations ;  and  if  the  plane  were  supposed  to  be  made  up  of 
a  series  of  rods,  these  lines  would  answer  to  their  nodal  points. 
Fig.  188.  By  them  the  plane  is  divided  into  spaces — the  adjacent  ones  being 
always  in  opposite  phases  of  vibrations,  as  shown  by  the  signs  4-  and  —  in 
Fig.  190,  where  A  B  is  the  vibrating  plane. 
The  dimensions  of  these  spaces  are  regulated 
in  the  same  way  astheinternodes  of  vibrating 
rods — tibat  is,  the  outside  ones,  a  b  a  b,  oxe^ 
always  haK  the  size  of  tlie  interior.  The  A 
relation  of  these  spaces,  and  positions  of  the 
nodal  lines,  may  be  determined  by  making  a 
glass  plate  covered  with  dry  sand  vibrate. 

[When  we  wish  to  make  plates  vibrate  we 
nse  a  vice,  such  as  is  shown  in  Fig.  191,  and 
having  placed  the  plate  between  the  cylinder, 
a,  and  the  screw,  J, 
both    of   which    are  j,.     jg^ 

tipped  with  leather  or  . 

cork,  the  latter  is  turned  until  the  plate  is  fixed 
firmly ;  and  then,  when  a  bow  is  drawn  along  the 
edge  of  the  plate  once  or  twice,  it  vibrates  suffi- 
ciently to  cause  the  sand  unon  its  surface  to  rise 
^  and  fall  during  the  tone  produced,  and  to  accumu- 

late npon  the  nodal  lines,  so  as  to  form  the  suund-figures,  as  they  were 
tailed  by  C^Uadui,  their  discoverer.  These  figures  vary  in  form  according 
as  ihe  bow  is  moved  more  or  less  rapidly  or  violefltly,  and  the  point  of 
support  and  action  is  changed.] 

When  the  surface  of  a  liquid,  as  water,  is  touched,  a  wave  arises  at  the 
disturbed  point,  and  propagates  itseK  into  the  unmoved  spaces  around, 
Mntiniially  enlarging  as  it  goes,  and  forming  a  progressive  undulation. 
[This  is  easily  proved  by  filling  a  tumbler  with  water,  and  letting  a  small 
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piece  of  paper,  a  grain  of  com,  or  any  small  object  fall  into  it ;  or  by 
throwing  a  stone  into  a  smooth-surfaced  pond.] 

A  number  of  familiar  facts  prove  that  the  apparent  advancing  motion  of 
the  liquid  on  which  waves  are  passing  is  only  a  deception.  Light  pieces  of 
wood  are  not  hurried  forward  on  the  surface  of  Water,  but  merely  rise  up 
and  sink  down  alternately  as  the  waves  pass.  The  true  nature  of  the 
motion  is  such  that  each  particle,  at  the  surface  of  the  undulating  liquid, 
describes  a  circle  in  a  vertical  plane,  and  in  the  direction  in  which  the  wave 
is  advancing,  the  movement  boinj^  propagated  from  each  to  its  next  neigh* 
hour,  and  so  on.  And  as  a  certain  time  must  elapse  for  this  transmission  of 
motion,  the  different  particles  will  be  describing  different  points  of  their 
circular  movement  at  the^ame  moment.  Some  will  be  at  tne  highest  part 
of  their  vertical  circle  when  others  are  in  an  intermediate  position,  and 
others  at  the  lowest,  giving  rise  to  a  wave,  which  advances  a  distance  equal 
to  its  own  length,  while  each  particle  performs  one  entire  revolution. 

[The  force  by  which  the  water-waves  are  propagated  is  gravity ;  for,  if 
from  any  cause  an  elevation  or  a  depression  be  produced  on  the  horizontal 
surface  of  the  water,  the  gravity  of  the  separate  particles  of  water  will  endea- 
vour to  restore  the  distur oed  horizontal  plane,  by  which  means  an  oscillatory 
motion  is  produced,  which,  by  degrees,  is  propagated  from  one  partide  to 
another. — Professor  MUUer's  ^^  Physics  and  Meteorology  y^  Lecture  XV.] 

Thus,  in  Fig.  192,  let  there  be  eight  particles  of  water  on  the  surface,  a  m, 
which,  by  some  appropriate  disturbance,  are  made  to  describe  the  vertical  circles 
represented  atabc  defy  hy  moving  in  the  direction  represented  by  the  darts, 


Fig.  192. 
and  let  each  one  of  these  commence  its  motion  one-eighth  of  a  revolution  later 
than  the  one  before  it.  Then,  at  any  given  moment,  when  the  first  one,  a,  is  in 
the  position  marked  a,  the  pecond,  6,  will  be  in  the  position  marked  7,  c  at  6, 
d  B.t  5f  e  at  4,  /  at  3,  ^  at  2,  A  at  1 ;  but  m  will  not  yet  have  begun  to  move. 
If,  therefore,  we  connect  these  various  points,  a76d4321m,  together  by 
a  line,  that  line  will  be  on  the  surface  of  the  wave,  the  length  of  which  is 
a  7»,  the  height  or  depth  of  which  is  equal  to  the  radius  of  the  circle  of  each 
particle*  s  revolution,  and  the  time  of  passage  through  the  length  of  one  wave 
will  be  equal  to  the  time  of  the  revolution  of  each  partide. 

By  a  ray  of  undulation  we  mean  a  line  drawn  from  the  origin  of  a  wave 
in  the  direction  in  which  any  given  point  of  it  is  advancing.  A  wave  is  said 
to  be  incident  when  it  falls  on  some  resisting  surface,  and  reflected 
when  it  recoils  from  it.  Incident  r^s  are  those 
/«  drawn  from  the  origin  towards  the  resisting  surface, 
f  and  reflected  rays  those  exj^ressin^  the  path  of  the 

undulating  points  after  their  recoil.  The  angle  of 
incidence  is  the  angle  which  an  incident  wave  makes 
with  a  perpendicular  drawn  to  the  surface  of  impact; 
the  angle  of  reflection  is  Hie  angle  made  by  ^e 
reflected  ray  and  the  same  perpendicular.  Thus,  let  t 
be    a  resisting  surface  of  any  kind,  n  «  an  inddent 
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ray,  ip  a  perpendicular  to  the  point  of  impact  of  the  wave,  %  d  the  reflected 
ray.     Then  %  p  is  the  angle  of  incidence,  and  dip  the  angle  of  reflection. 

The  general  law  for  the  reflection  of  waves  is,  that  "  all  the  points  in  a 
wave  will  be  reflected  from  the  surface  of  the  solid  under  the  same  angle  at 
which  they  struck  it." 

If,  therefore,  parallel  rays  fall  on  a  plane  surface,  they  will  be  reflected  paral- 
lel; if  diverging,  they  will  be  reflected  diverging;  andlf  converging,  converging. 

If  a  circular  wave  advances  from  the  centre  of  a  circular  vessel,  each  ray 
&lls  perpendicularly  on  the  surface  of  the  vessel,  and  is  reflected  perpendi- 
enlarly — that  is  to  say,  back  in  the  Hue  along  which  it  came.  The  waves, 
therefore,  all  return  to  the  centre  from  which  they  originated. 

If  undulations  proceed  from  one  focus  of  an  | 

ellipse,  they  will,  after  reflection,  converge  to  .y  '^ 

the  other  focus.  "^^ 

If  asurface  be  aparabola,  rays  divergingfroi 


la,  rays  diverging  from             X/\      \\ 
its  focal  point,  a,  will,         //     1       \ 
after  reflection,  pass     ^/^    *■        «> [jl 


'^  ^  in  parallel  lines,  b  d, 
*KV — — "^  c  <?,  c  f?.     Or  if  the 


rays  impinge  in  paral- 
lel lines,   they  will, 
after  reflection,  con- 
verge to  the  focus. 
Fig.  194,  When     diverging  Fig.  195. 

lays  of  a  circular  wave  fall  upon  a  plane  surface,  their  path,  after  reflection, 
is  such  as  it  would  have  been  had  they  originated  from  a  point  on  the  oppo- 
site side  of  the  plane,  and  as  far  distant  as  the  point  of  origin  itself.  Tnus, 
let  c  be  the  origin  of  a  circular  wave,  d  a  ff,  which  impinges  on  a  plane,  c/, 
after  reflection  this  wave  will  be  found  at  e  A/,  as  though  it  had  originated 
at  c',  a  point  on  the  opposite  side  of  c  /,  as  far  as  c,  in  front  of  it. 
Now,  the  parts  of  the  circular  wave,  dag,  do  not  all  impinge  on  the  plane 
at  the  same  time,  but  that  at  a,  which  falls  perpendicularly,  impinges  first, 
and  is  first  reflected ;  the  ray  at  d  has  to  go  still  through  the  distance,  d  e, 
before  reflection  takes  place ;  but,  in  this  space  of  time,  the  ray  at  a  will 
have  returned  back  to  h ;  and,  in  the  same  way,  it  may  be  shown  that  the 
intermediate  rays  will  have  returned  to  intermediate  positions,  and  be  found 
in  the  line  e  hjj  symmetrically  situated,  with  respect  to  the  line  c  w/,  in 
which  they  would  have  been  had  they  not  fallen  on  the  plane.  And  it 
farther  follows  that  the  centre,  c',  of  the  circular  wave,  e  hf,  is  as  far  from 
e/as  is  the  centre,  c,  of  the  circular  wave,  e  nf,  but  on  the  opposite  side. 

By  interference  we  mean  that  two  or  more  waves  have  encountered  one 
another,  under  such  circumstances  as  to  destroy  each  other's  efiect.  If  on 
water  two  elevations  or  two  depressions  coincidte,  they  conspire ;  but  when 
an  elevation  coincides  with  a  depression,  interference  takes  place,  and  the 
maiaee  of  the  fluid  remains  plane.  Waves  which  havo  thus  crossed  one 
another  continue  their  motion  unimpaired. 

If  two  systems  of  waves  of  the  same  length  encounter  each  other,  after 

Itaving  come  through  paths  of  equal  len^,  they  will  not  interfere  ;  nor  will 

tiiey  interfere,  even  though  there  be  a  difference  in  the  length  of  their  paths, 

provided  that  difference  be  equal  to  one  whole  wave,  or  two,  or  Hiree,  &c. 

But  if  two  systems  of  waves  of  equal  length  encounter  each  other  aftet 
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having  come  through  paths  of  unequal  length,  they  will  interfere,  and  that 
interference  will  be  complete  when  the  difference  of  the  paths  through 
which  they  have  come  is  half  a  wave,  or  one  and  a  half,  two  and  a  half, 
three  and  a  half,  &c.  • 

When  a  circular  wave  impinges  on  a  solid  in  which  there  is  an  opening, 
as  at  a  6,  Fig.  196,  the  wave  passes  througlj,  and  is  propagated  to  the 
spaces  beyond;  but  otiicr  waves  arise  from  a  b  aa 
centres,  and  are  propagated  as  represented  a,t  c  d  ef. 
This  is  the  inflection  of  waves,  and  these  new  waves 
intersecting  one  another  and  the  primitive  one,  give 
rise  to  interferences. 

We  have  now  traced  the  chief  phenomena  of  vibra- 
tions in  solids  and  on  the  surface  of  liquids.  It 
remains  to  do  the  same  for  elastic  bodies,  such  as 
gases. 

When  any  vibratory  movement  takes  place  in  atmo- 
spheric air,  the  impulse  communicated  to  the  particles 
causes  them  to  recede  a  certain  disfance,  condensing 
^  those  that  are  before   them ;   the  impulse  is  finally 

Fig.  196.  overcome  by  the  resistance  arising  from  this  condensa- 

tion. There,  therefore,  arises  a  sphere  of  air,  the  superficies  or  shell  of 
which  has  a  maximum  density.  Reaction  now  sets  in,  the  sphere  contracts, 
and  the  returning  particles  come  to  their  original  positions.  But  as  a  dis- 
turbance on  the  surface  of  a  liquid  gives  origin  to  a  progressive  wave,  so 
does  the  same  thing  take  place  in  the  air. 

By  the  intensity  of  vibration  of  a  wave  we  mean  the  relative  disturbance 
of  its  moving  particles,  or  the  magnitude  of  the  excursions  they  make  on 
each  side  of  their  line  of  rest.  Thus,  on  the  surface  of  water  we  may  have 
waves  "  mountains  high,"  or  less  than  an  inch  high ;  the  intensity  of  vibra- 
tion in  the  former  is  correspondingly  greater  than  in  the  latter  case. 

In  aerial  waves,  precisely  as  in  the  surface  waves  of  water,  interference 
arises  imder  the  proper  conditions.     Thus,  let  a  w^  A,  Fig.  197,  be  a  wave 


rig.  197. 
advancing  toward  c,  and  m  n  o  phQ  the  intensity  of  its  vibration,  or  the 
maximum  distances  of  the  excursions  of  its  vibrating  particles.  Then 
suppose  a  second  wave,  originating  at  h  (a  distance  from  a  precisely  equal  to 
one  wave  length),  the  intensity  of  vibration  of  which  is  represented  by  q  r. 
The  motions  of  this  second  wave  coinciding  throughout  its  length  wilii  the 
motions  of  the  first,  the  force  of  both  systems  is  increased.  The  intensity, 
therefore,  of  the  wave,  arising  from  their  conjoint  action  at  any  point,  q^  will 
be  equal  to  the  sum  of  their  intensities,  q  r,  q  s — that  is,  it  will  be  j  <,  and 
for  any  other  point,  r,  it  will  be  equal  to  the  sum  of  v  w  and  v  u — ^that  is, 
V  X.    So  the  new  wave  wiU  be  represented  hjbtgxh. 
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Now  let  tilings  remain  as  before,  except  that  the  point  of  impact  of  the 
second  wave,  instead  of  being  one  whole  wave  from  a,  is  only  half  a  wave, 
the  effects  on  any  particle,  such  as  q,  take  place  in  opposite  directions,  the 
second  wave  moving  it  with  the  intensity  and  direction  q  r,  the  first  with 
q  8 — the  resultant  of  its  movement  in  intensity  and  direction  will,  therefore, 
be  the  difference  of  these  quantities — that  is,  q  t.  And  the  same  reasoning 
continued  gives,  for  the  wave  resulting  from  this  conjoint  action,  b  tg xhc. 

Under  the  circumstances  given  in  Fig.  198,  the  systems  of  waves  increase 


Fig.  198. 
each  other's  force ;  under  those  of  Fig.  197  they  diminish  it ;  or,  if  equal  to 
one  another,  counteract  completely,  and  total  interference  results. 

Waves  in  the  air,  as  tney  expand,  have  their  superficies  continually 
increasing,  as  the  squares  of  their  radii  of  distance  from  the  original  point 
of  disturbance.  Hence  the  effect  of  all  such  waves  is  to  diminish  as  the 
squares  of  the  distance  increase. 


SECTION  VII. — ^The  Laws  of  Sound.— Acoustics. 
CHAPTER  XXXII. 

PKODUCTION   OF  SOUND. 

The  Note  depends  on  Fi^equency  of  Vibration — Distinguishing  Powers  of 
the  Ear — Sofiiferotis  Media — Origin  of  Sounds  in  the  Air — Elasticity 
required  and  given  in  the  Case  of  Strings  by  Stretching — Rate  of  Velocity 
of  Sounds— All  Sounds  transmitted  with  Equal  Speed — Distances  deter- 
mined by  it — High  and  Low  Sounds — Three  Directions  of  Vibration — 
Intensity  of  Sound — Quality  of  Sounds — ITie  Diatonic  Scale, 

When  a  thin  elastic  plate  is  mSde  to  vibrate,  one  of  its  ends  being  held 
firm  in  a  vice,  and  the  other  being  free,  as  in  Fig.  199,  and  its  length  lunited 
to  a  few  inches,  it  emits  a  clear  musical  note.  If  it  be  gradually  lengthened, 
it  yields  notes  of  different  characters,  and*finally  all  sound  ceases,  the 
vibrations  becoming  so  slow  that  the  eye  can  follow  them  without  difficulty. 

This  instructive  experiment  gives  us  a  clear  insight  into  the  nature  of 
musical  sounds,  and,  indeed,  of  all  sounds  generally.  A  substance  which 
is  executing  a  vibratory  movement,  provided  fiie  vibrations  follow  one  another 
with  sufficient  rapidity,  yields  a  musical  sound ;  but  when  those  vibra- 
tions fall  below  a  certain  rate,  the  ear  can  no  longer  distinguish  the  effect  of 
tliieir  impulsions. 

The  number  of  vibrations  which  such  a  plate  makes  in  a  given  time  de- 
pends upon  its  length,  being  inversely  as  the  square  of  the  length  of  ^e 
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FUr.  199. 


Tibrating  part:  Thus,  if  we  take  a  given  plate  and  reduce  its  length,  the 
vib  rations  will  increase  in  rapidity  ;  when  it  is  half  as  long  it  yibrates  four 
tim?sa3  fast;  when  one-fourth,  sixteen  times,  &c. 

All  sounds  arise  in  vibratory  movements, 
and  musical  notes  differ  from  one  another  in 
the  rapidity  of.  their  vibrations — the  more 
rapidly  recurring  or  frequent  the  Vibration  the 
higher  the  note. 

There  is,  therefore,  no  difficulty  in  determin- 
ing how  many  vibrations  are  required  to  pro- 
fuce  any  given  note.  We  have  merely  to  find 
the  length  of  a  plate  which  will  yield  the  note 
in  question,  knowing  previously  what  length 
of  it  is  required  to  make  a  determinate  number 
of  vibrations  in  a  given  space  of  time.  Thus 
it  has  been  found  that  the  ear  can  distinguish 
a  sound  made  by  fifteen  vibrations  in  a  second, 
and  can  still  continue  to  hear,  though  the  num- 
ber reaches  48,000  per  second. 

That  all  sounds  arise  in  these  pulsatory 
movements  common  observations  abundantly 
prove.  If  we  touch  a  bell,  or  the  string  of  a 
piano,  or  the  prong  of  a  tuning-fork,  we  feel  at 
once  the  vibratory  action,  and  with  the  cessation  of  that  motion  the  soimd 
dies  away. 

But  the  pulsations  of  such  a  body  are  not  alone  sufficient  to  produce  the 
phenomena  of  sound.  Media  must  intervene  between  them  and  the  organ  of 
hearing.  In  most  cases  the  medium  is  atmospheric  air,  and  when  uds  is 
taken  away  the  effect  of  the  vibrations  wholly  ceases.  Thus,  a  bell,  or  a 
musical  snuff-box,  under  an  exhausted  receiver,  as  we  have  already  seen 
(Chapter  VII.,  Fig.  38),  can  no  longer  be  heard ;  but  on  re-admitting  the  air 
the  sound  becomes  audible.  The  sounding  body,  therefore,  requires  a  soni- 
ferous medium  to  propagate  its  impidses  to  the  ear. 

Atmospheric  air  is  far  from  being  the  only  soniferous  medium.  Sounds 
pass  with  facility  through  water ;  the  scratching  of  a  pin  or  the  ticking  of  a 
watch  may  be  heard  bv  the  ear  applied  at  the  end  of  a  very  long  plank  of 
wood.  Any  uniform  elastic  medium  is  capable  of  transmitting  soimd ;  but 
bodies  which  are  imperfectly  elastic,  or  have  not  an  uniform,  density,  impair 
its  passage  to  a  corresponding  degree. 

The  effect  of  a  vibrating  spring,  or,  indeed,  of  any  vibrating  body  on  the 
atmospheric  air,  is  to  establish  in  it  a  series  of  Qondensations  and  rarefac  - 
tions  which  give  rise  to  waves.  These,  extending  spherically  from  the  point 
of  disturbance,  advance  forward  until  they  impinge  on  the  ear,  the  structure 
of  which  is  so  arranged  that  the  movement  is  impressed  on  the  auditory 
nerves,  and  gives  rise  to  the  sensation  which  we  term  sound. 

Both  the  sonorous  bodv  and  the  soniferous  medium  must,  therefore,  be 
elastic ;  the  regularity  of  the  pulsations  of  the  former  depends  upon  the  uni- 
formity of  its  elasticity.  In  the  case  of  stiings,  we  give  them  the  requisite 
degree  of  elastic  force  Dy  stretching  them  to  the  proper  degree.  And,  as  Hie 
undulatory  movements  which  arise  in  the  soniferous  medium  axe  not  instan- 
taneous, but  successive,  it  follows  that  the  transmission  of  sound  in  any 
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medium  requires  time.  That  this  is  the  case,  we  may  satisfy  ourselves  by 
remarking  the  period  that  elapses  between  seeing  the  flash'  of  a  gun  and 
hearing  the  report.  It  is  greater  as  we  are  removed  to  a  greater  distance. 
In  different  media,  the  velocity  of  transmission  depends  on  the  density  and 
specific  elasticity.  It  has  been  found,  by  experiment,  that  in  tranquil  air 
the  velocity  of  sound  at  60°,  and  at  an  average  state  of  moisture,  is  1,120 
feet  in  a  second.  The  wind  accelerates  or  retards  sound,  according  to  its 
direction,  damp  air  transmits  it  more  slowly  than  dry,  and  hot  air  more 
rapidly  than  cold,  the  velocity  increasing  about  I'l  foot  for  every  Fahrenheit 
degree. 

In  a  soniferous  medium,  aU  sounds  move'fequally  fast ;  it  is  wholly  im- 
material what  may  be  their  ^[uality,  or  their  intensity.  Thus,  we  know  that 
even  the  most  intricate  music  executed  at  a  distance  is  heard  without  any 
discord,  and  precisely  as  it  would  be  close  at  hand.  Nor  does  it  matter 
whether  it  be  by  the  human  voice,  a  flute,  a  bugle,  or,  indeed,  by  many- 
different  instruments  at  once ;  the  relation  of  the  difference  of  sounds  is 
accurately  preserved.  But  this  can  only  take  place  as  a  consequence  of  the 
equal  velocity  of  transmission ;  for  if  some  of  these  soimds  moved  faster  than 
others,  discord  must  inevitably  ensue. 

The  experiments  of  CoUadon  and  Sturm  on  the  lake  of  Geneva  show  that 
^the  velocity  in  water  is  about  four  times  that  in  air,  being  4,708  feet  in  a 
aeoond.  With  respect  to  solid  substances,  it  is  stated  that  the  velocity  in 
air  being  one,  that  in  tin  is  7^^,  in  copper  12,  in  glass  17. 

Advantage  is  sometimes  taken  of  these  principles  to  determine  distances. 
If  we  observe  the  time  elapsing  between  the  flash  of  a  gun  and  hearing  the 
soimd,  or  between  seeing  lightning  and  hearing  the  thunder,  every  seconji 
answers  to  1,120  feet. 

Soonds  are  of  different  kinds :  some  are  low  or  high,  grave  or  acute>  ac- 
eording  as  the  vibrations  are  slower  or  faster.  Again,  the  intensity  of  vibra- 
tion, or  the  magnitudes  of  the  excursions  which  the  vibrating  particles  make, 
determine  the  force  of  sounds,  an  intense  vibration  giving  a  loud,  and  a  leas 
vibration  a  feeble  sound. 

The  vibrations  of  a  soniferous  body  may  take  place  in  three  directions : 
thej  may  be  longitudinal,  transverse,  or  rotatory  vibrations ;  or,  indeed, 
they  may  all  co-exist.  A  body  may  be  divided  into 
vibrating  parts,  separated  from  one  another  by  nodal 
points  or  Imes.  Thus,  if  we  take  a  glass  or  metal  plate, 
J  and  having  strewed  its  surface  with  tine  dry  sand,  and 
Pig.  200.  holding  it  firmly  at  one  point  between  the  thumb  and 

finger,  or  in  a  clamp,  as  represented  in  Fig.  200,  draw 
a  violin  bow  across  its  edge,  it  yields  a  musical  note,  and  the  sand  is  thrown 
off  those  places  which  are  in  motion,  and  collects  on  the  nodal  points,  which 
are  at  rest. 

The  quantity/,  or  strengthy  or  intensity  of  a  sound  depends  on  the  intensity 
of  the  vibrations  and  the  mass  of  the  sounding  body.  It  also  varies  with  the 
distance,  being  inversely  proportional  to  its  square. 

Musical  sounds  are  spoken  of  as  notes,  or  as  high  and  low.  Of  two  notes, 
the  higher  is  that  which  arises  from  more  rapid,  and  the  lower  from  slower 
iribraUons. 

Besides  this,  sounds  differ  in  their  quality.  The  same  note  emitted  by  a 
iliite,  a  violin,  a  pbao,  or  the  human  voice,  is  wholly  different,  and  in  ^QA\i. 
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instance  peculiar.     In  what  this  peculiarity  consists  we  are  not  able  to 

The  several  notes  are  distinguished  by  letters  and  names ;  we  shall  also 
see  presently  that  they  may  be  distinguished  by  numbers.    They  arc — 
CDEFaABC 
or — TJt,  re,  mi,  fa,  sol,  la,  si,  ut. 

Such  a  series  of  sounds  passes  under  the  name  of  the  diatonic  scale. 


CHAPTER  XXXin. 


PHENOMENA    OP    SOUND. 


Notes  in  unison — Concords  and  Discords — Octave — Interval  of  Sounds — 
Melody — Harmony — The  Monochord — Length  of  Cord  and  Number  of 
Vibrations  required  for  each  Note — Laws  of  VArations  in  Cords,  Rodsy 
Planes — Acoustic  Figures  on  Plates —  Vibration  of  Columns  of  Air — 
Interference  of  Sounds — Whispering  Galleries — Echoes — Speaking  and 
Hearing  Trumpet, 

Two  notes  ard  said  to  be  in  unison  when  the  vibrations  which  cause  them 
are  performed  in  equal  times.  If  the  one  makes  twice  as  many  vibrations 
as  the  other,  it  is  said  to  be  its  octave,  and  the  relation  or  interval  there  is 
between  two  sounds  is  the  proportion  between  their  respective  numbers  of 
vibrations. 

I^When  two  strings  are  vibrating  together  in  different  times,  or  not  in 
unison,  the  ear  can  distinctly  perceive  the  note  of  both ;  but,  besides  those 
two  separate  notes,  there  will  be  an  impression  from  the  two  jointly,  very 
different  from  that  which  it  receives  from  either  of  them  separately,  and 
which  leads  to  some  curious  considerations.  This  impression  is  sometimes 
most  agreeable,  at  others  harsh  and  grating,  and  according  to  these  sensa- 
tions the  sounds  are  said  to  be  in  accordance  or  discordance.  But  the  re- 
markable fact  is,  that  this  impression  of  concord  will  be  experienced  when- 
ever the  number  of  vibrations  of  the  individual  notes  are  in  some  near 
relation  to  each  other,  as  1  to  2,  1  to  3,  2  to  3,  &c. ;  that  is, where  one  string 
makes  two,  three,  or  four  vibrations  while  the  other  makes  one,  or  accom- 
plishes three  while  the  other  accomplishes  two  or  four ;  and  the  concord  is 
the  more  perfect  and  pleasing  the  lower  the  teims  of  these  ratios  are.  But 
if,  on  the  contrary,  the  times  of  vibration,  or  number  of  vibrations  in  a  given 
time,  have  not  a  loud,  numerical  ratio  to  each  other,  but  one  in  which  the 
terms  are  considerable,  as  8  to  15,  that  is,  one  string  executing  fifteen  vibra- 
tions while  the  other  executes  only  eight,  then  there  is  a  discord :  the  im- 
pression on  the  ear  is  harsh  and  disagreeable.  The  whole  harmony  consists 
in  following  out  these  laws ;  any  combination  of  sounds  which  violate  them 
cannot  be  agreeable.  The  pleasure  of  these  harmonious  sounds  depends, 
according  to  Dr.  Young,  on  a  love  of  oider  and  a  predilection  for  a  regular 
recurrence  of  sensations,  primitively  implanted  ia  the  human  mind.    Henoe, 
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when  two  sounds  occnr  together,  those  proportions  are  most  satisfactory  to 
the  ear  which  exhibit  a  recurrence  of  a  more  or  less  perfect  coincidence  at  the 
shortest  intervals.  This  same  constitution  of  the  human  mind,  which  fits  it 
for  the  perception  of  harmony,  appears  also  to  be  the  cause  of  the  love  of 
rhythm,  or  of  a  regular  succession  of  any  impressions  whatever,  at  equal 
intervals  of  time. — **  The  Elements  of  Physics ^^^  hy  Thomas  Webster^  M»A.f 
poffe  208.] 

A  combination  of  harmonious  sounds  is  a  chord,  a  succession  of  harmonious 
notes  a  melody,  and  a  succession  of  chords  harmony. 

We  have  remarked  in  the  last  chapter  that  sounds  may  be  expressed  by 
numbers  as  well  as  by  letters  or  names,  andlheir  relations  to  one  another 
clearly  exhibited.  Eor  this  purpose  we  may  take  the  monochord  or  sono- 
meter, CC,  Fig.  201,  an  instrument  consisting  of  a  wire  or  catgut  stretched 
over  two  bridges,  F  F',  which  are  fastened  on  a  basis,  S  S' ;  one  end  of  the 
cord  passes  over  a  pulley,  M,  and  may  be  strained  to  any  required  degree  of 
weights,  P.  The  length  of  the  string  vibrating  may  be  changed  by  pressing 
it  with  the  finger  upon  a  movable  piece,  H,  which  carries  an  edge,  T,  and 
the  case  beneath  is  divided  into  parts,  which  exhibit  the  length  of  the  vibrat- 
ing part  of  the  wire.  The  upper  part  of  Fig.  202  shows  a  horizontal  view 
of  the  monochord,  the  lower  a  lateral  view.  The  instrument  here  repre- 
sented has  two  strings,  one  of  catgut  and  one  of  wire. 
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Fig.  201. 


Now,  it  is  to  be  understood  that  the  number  of  vibrations  of  such  a  cord 
is  inversely  as  its  length ;  that  is,  if  the  whole  cord  makes  a  given  number 
of  vibrations  in  one  second,  when  you  reduce  its  length  to  one-half  it  will 
make  twice  as  many ;  if  to  one-third,  thrice  as  many,  &c. 

Suppose  the  cord  is  stretched  so  as  to  give  a  clear  sound,  which  we  may 
designate  as  C,  and  the  movable  bridge  is  then  advanced  so  as  to  obtain 
successively  the  other  notes  of  the  gamut,  D,  E,  F,  Gr,  A,  B,  C,  it  will  be 
found  that  these  are  given  when  the  lengths  of  Ihe  cord,  compared  with  its 
original  length,  are — 

Name  of  note        .        .        .        .        CDEFaABC 
Length  of  cord     .        .        .        .        hhhh  h  h  A,  4- 

But  as  the  number  of  vibrations  is  in  the  inverse  ratio  of  the  lengths  of  tk<^ 
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Tiforatdng  oords,  we  shall  have  for  the  number  of  vibrations,  if  we  represent 
hy  1  the  number  that  gives  C,  the  following  ibr  the  other  notes  : — 

Name  of  note        .        .        .        .        CDEFGABC 
Number  of  vibrations    .         .         .         1,  {>  },  f ,  1,  f ,  V»  2. 

From  C  to  C  is  an  octave ;  and  from  this  we  gather  that,  in  the  ootave, 
the  higher  note  makes  twice  as  many  vibrations  as  the  fundamental  note, 
and  that  between  these  there  are  other  intervals,  which,  heard  in  succession, 
are  harmonious ;  the  eight,  therefore,  constitute  a  scale,  commonly  called 
the  diatonic  scale. 

Musical  instruments  are  of  different  kinds,  depending  on  the  vibrations  of 
cords,  rodsj  planes,  or  columns  of  air.. 

It  has  already  been  stated  that  the  number  of  vibrations  of  a  cord  is  in- 
versely as  its  length ;  the  number  also  increases  as  the  square  root  of  the 
force  that  stretches  it ;  thus,  the  octave  is  ^ven  by  the  same  string  when 
stretched  four  times  as  stronglv ;  the  material  of  tne  string,  whether  it  be 
catgut,  iron,  &c.,  also  affects  the  note. 

In  rods,  the  height  of  the  note  is  directly  as  the  thickness,  and  inversely 
as  the  square  of  the  length.  The  quality  of  the  material  also,  in  respect  of 
elasticity,  determines  the  note. 

The  foregoing  observations  apply  to  transverse  vibrations  of  cords  and 
rods ;  but  they  may  be  also  made  to  execute  longitudinal  and  torsion  vibra- 
tions, the  conditions  of  which  are  different. 

In  planes  held  by  one  point,  and  a  bow  drawn  across  at  another,  or  struck 
by  a  blow,  sounds  arc  emitted,  and  by  the  aid  of  sand,  nodal  lines  may  be 
traced.  Thus,  in  Fig.  202,  a  is  the  point,  in  each  instance,  at  which  the 
plate  is  held,  and  b  that  at  which  tne  bow  is  applied ;  the  sand  arranges 
itself  in  the  dotted  lines. 

The  two  large  figures  are  formed  by  putting  together  four  smaller  plates. 
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in  one  instance  bearing  the  nodal  lines,  represented  at  I,  and,  in  the  other, 
at  II.     ^hey  may,  however,  be  directly  generated  on  one  large  plate  of 
glass  by  holding  it  at  a,  touching  it  at  t&,  and  draTjrtug  the  boir  across  it  at  h. 
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Circular  plates,  a  in  III.,  may  be  made  to  bear  a  four-rayed  star,  by 
holding  them  in  the  centre,  drawing  the  bow  at  any  point  at  &,  and  touching 
the  plate  at  a  point  45°  distant  from  the  bow ;  but  if  the  plate  be  touched 
30°,  60°,  or  90°  off,  it  produces  a  six-rayed  star,  Fig.  lY. 

Columns  of  air  may  be  made  to  emit  sounds  by  being  thrown  into  oscilla- 
tion, as  in  horns,  flutes,  clarionets,  &c.  In  these,  the  column  of  air,  included. 
in  the  tube  of  the  instrument,  is  made  to  vibrate  longitudinally.  The 
height  of  the  note  is  inversely  proportional  to  the  length  of  the  colunm,  and 
therefore  different  notes  may  be  obtained  by  having  apertures,  at  suitable 
distances,  in  the  side  of  the  tube,  as  in  the  flute. 

Two  sounds  may  be  so  combined  together  that  they  shall  mutually  destroy 
each  other's  effect,  and  silence  result.  This  arises  from  interference  taking 
place  in  the  aerial  waves,  the  laws  of  which  are  those  given  in  Chapter 
aXXI.     The  following  instances  will  illustrate  these  facts : — 

When  a  tuning-fork  is  made  to  vibrate,  and  is  turned  round  upon  its 
axis  near  the  ear,  four  periods  may  be  discovered  during  every  revolution  in 
which  the  sound  increases  or  declines.  "We  may  produce  standing  vibra- 
tions of  the  air  within  a  closed  tube,  by  bringing  an  osc'Uating  body  before 
the  open  mouth  of  the  tube,  so  that  it  may  produce  such  a 
tone,  that  the  length  of  the  tube  is  equal  to  i,  f,  |,  &c.,  of 
the  wa"^e-length  of  the  tone. 

If  we  take  two  tuning-forks  of  the  same  note,  a  d,  Fig. 
203,  and  fasten  a  circle  of  cardboard,  half  an  inch  in  diar 
meter,  on  one  of  the  prongs  of  each,  and  make  one  of  the 
forks  a  little  heavier  than  the  other,  by  putting  on  it  a  drop 
of  wax,  and  then  filling  a  jar,  6,  to  such  a  height  with 
water,  that  either  of  the  forks,  when  held  over  it,  will  make 
it  resound,  so  long  as  only  one  is  held,  there  will  be  a  con- 
Fig.  203.        tinuous  note,  without  pause  or  interruption ;  but  if  both  are 
held  together,  there  wiU  be  periods  of  silence  and  periods  of  sound,  according 
as  the  longer  waves,  arising  from  one  of  the  forks,  overtakjB  and  interfere 
with  the  shorter  waves,  arising  from  the  other. 

[In  order  to  throw  the  inclosed  air  into  regular  vibrations,  or  to  make  it 
resonant  with  the  sounding  body,  it  is  not  indispensably  necessary  to  bring 
a  sounding  body  before  the  opening  of  a  tube.  Thus,  in  organ  pipes  there 
is  a  current  of  air  flowing  past  the  open  end  of  the  tube,  breaking  against 
the  edges,  and  creating,  by  its  impulses,  waves  that  are  reflected  on  the 
bottom,  and  interfere  with  the  newly  incident  waves.  Although  these  im- 
pulses are  at  first  not  quite  regular,  they  are  soon  regulated  by  the  accession 
of  reflected  waves,  provided  the  tube  sounds  weU,  so  that  regularly  stand- 
ing waves  are  formed,  by  means  of  which  the  air  in  the  tube  becomes 
resonant.  The  notes  yielded  in  this  manner  by  a  tube  are  of  the  same  kind 
as  those  which  must  be  given  forth  by  another  sounding  body  brought  to  the 
opening  of  the  tube,  for  the  purpose  of  inducing  spontaneous  sound  in  the 
inclosed  air. — Professor  Milller^s  ^^Physics  and  Meteorology,^^  Lecturel^YHJ] 
Sounds  undergo  reflection,  and  may  therefore  be  directed  by  surfaces 
of  suitable  figure.  If;  in  the  focus  of  a  concave  mirror,  a  watch  be  placed, 
its  ticking  may  be  heard  at  a  great  distance  in  the  focus  of  a  second  mirror, 
placed  so  as  to  receive  the  sound  waves  of  the  first. 

On  similar  principles,  also,  whispering  galleries  depend.     These  are  so 
oanfltraoted  that  a  low  whisper  uttered  at  one  point  is  reflected  to  a  focus. 
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at  another,  in  which  it  may  be  distinctly  heard,  while  it  is  inaudible  in  other 
positions.     The  dome  of  St.  Paul's  Cathedral,  in  London,  is  an  example. 
[The  principle  of  the  whispering  gallery  at  St.  Paul's  may  be  easily 
understood  by  referring  to  the  accompanying 
diagram.    K  a  sound,  such  as  the  tick  of  a 
watch,  or  a  low  whisper,  emanates  £rom  the 
point,  A,  it  may  proceed  from  A  to  C,  and  from 
C  to  B,  by  a  number  of  lesser  reflections  from 
d  Cy   Cy   b  a  alternately,  terminating  at  B. 
Thus  a  sound  that  could  not  be  conyeyed  di- 
rectly from  A  to  B  may  be  heard  distinctly 
-..    rt/u  ^7  accumulated  reflection  from  seyeral  points 

rig,  ^04.  ^  ^j^g  circular  surface,  A  C  B.] 

Echoes  are  reflected  sounds.  Thus,  if  a  person  stands  in  front  of  a  yer- 
tical  wall,  and  at  a  distance  from  it  of  about  62^  feet,  if  he  utters  a  syllable, 
he  will  hear  a  sound  which  is  the  echo  of  it.  If  there  be  a  series  of  such 
yertical  obstacles  at  suitable  distances,  the  same  sound  may  be  repeated 
many  successiye  times.  A  good  ear  can  distinguish  nine  distinct  sounds  in 
a  second ;  and,  as  a  sound  firayels  1,120  feet  in  the  same  time,  for  the  echo 
to  be  clearly  distinguished  from  its  original  sound,  it  must  trayel  125  feet 
in  passing  to  and  Som  the  reflecting  surface,  that  is,  the  reflector  must  be 
at  least  62|  feet  distant. 

Bemarkable  echoes  exist  in  seyeral  places.  One  near  Milan  repeats  a 
sound  thirty  times.  The  ancients  mention  one  which  could  repeat  the  first 
yerse  of  the  ^neid  eight  times.  On 
the  banks  of  riyers — as,  for  example, 
on  the  Rhine — sounds  are  often  echoed 
from  the  rocks,  rebounding  from  side 
to  side. 

[Sounds  are 
multiijlied  by 
reflection,  and 
the  know- 
ledge of  this 
fact  is  made 
use  of  in  our 
large  mercan- 
tile     houses 

and  other  es-  _.     ^.^ 

tablishments,  ^  Fig.  206. 

where  messages  are  conyeyed  from  one  part  of  a  building  to  another  part,  or 
eyen  from  one  building  to  another,  by  means  of  tubes.  It  is  probable  that 
this  was  the  means  used  by  Koger  Bacon,  and  others,  to  make  persons  unac- 
quainted with  acoustics  beueye  that  the  inanimate  figures  spoke  through  their 
means.  One  of  the  most  ingenious  and  celebrated  of  these  scientific  deceptions 
was  that  exhibited  in  Paris  and  London  many  years  ago.  It  was  inyented 
by  M.  Charles,  and  styled  the  **Inyisible  (jirl."  Many  solutions  of  this 
scientific  enigma  were  attempted ;  but  the  following  may  be  relied  upon,  as 
the  editor  has  many  times  acted  the  part  of  the  "  Inyisible  Girl.  The 
apparatus  consisted  of  a  wooden  frame  (B  B  B,  Fig.  205),  which  was  sup- 
ported upon  four  pillars  (A  A  A  A,  Fig.  206).    Through  one  of  tiiese  pillars 


Fig.  205. 
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a  tube  passed  nndemeatli  the  floor  to  an  adjoining  room,  from  which  the  "  In- 
visible Girl "  could  see  all  that  passed,  and  hear  all  questions,  because  the 
construction  of  the  apparatus  favoured  it.  To  each  pillar,  A,  was  attached 
a  bent  wire,  E,  which  terminated  above  in  a  point,  and  to  each  of  these 
bent  wires  was  attached  a  narrow  silk  ribbon  or  cord,  D  1),  which  supported 
a  hollow  copper  ball,  C,  with  four  trumpets,  T'  T^'  T  T,  issuing  from  it  at 
light  angles.  The  peculiarity  consisted  in  having  the  copper  ball,  which 
was  supposed  to  conceal  the  **  Invisible  Girl,"  suspended  by  ribbons  which 
were  barely  sufficient  to  support  the  weight  of  the  ball.  "VVhen  a  question 
was  proposed,  the  sound  passed  through  the  mouth  of  one  of  the  trumpets  to 
the  copper  ball,  and  thence  through  another  of  the  trumpets  (T'  T^',  Fig.  205), 
along  canals  in  the  frame  (BJ,  to  the  tube  passing  tnrough  the  pillar  (A, 
Fig.  206),  to  the  room  in  whicn  the  person  was  concealed.  This  apparatus 
was  exhibited  at  the  Royal  Polytechnic  Institution  many  years  ago.] 

Speaking-trumpets  depend  on  the  reflection  of  sound.     The  divergence  is 

prevented  by  the  sides  of  its 


tube ;  and  if  the  instrument 
is  of  a  suitable  figure,  the 
rays  of  sound  issue  from  it, 
as  seen  in  Fig.  207,  in  a 
parallel  direction.  Its  effi- 
ciency depends  on  its  length. 
Fig.  207.  '  It  is  stated  that  through  such 

an  instrument,  from  eighteen  to  twenty-four  feet  long,  a  man's  voice  can  be 
heard  at  a  distance  of  three  miles.  Under  common  circiunstances,  the  greatest 
distances  at  which  sounds  have  been  heard  are  usually  estimated  as  foUow : — 
The  report  of  a  musket,  8,000  paces ;  the  march  of  a  company  of  soldiers  at 
night,  830  paces ;  a  squadron  galloping,  1,080 ;  the  voice  of  a  strong  man 
in  the  open  air,  230.  But  the  explosions  of  the  volcano  of  St.  Yincent  were 
heard  at  Demerara,  345  miles ;  and  at  the  siege  of  Antwerp,  the  cannonading 
was  heard  in  the  mines  of  Saxony,  370  miles. 

The  hearing-trumpet  is  for  the  purpose  of  collecting  rays  of  sound  by  re- 
flection, and  &ansmitting  them  to  the  ear. 

£The  art  of  ventriloquism  appears  to  depend,  in  some  degree,  on  the  re- 
flection of  sounds  within  the  mouth.  Professor  Dugald  Stewart  attributed 
the  talent  of  exciting  the  perception  of  articulate  sounds,  in  such  a  manner 
as  to  give  them  the  effect  of  emission  from  various  distances  and  directions, 
wholly  to  deception  and  the  power  of  imitation.] 
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SECTION  YIII.— Peopekties  of  ught.—Optics. 
CHAPTER  XXXIV. 

PEOPEETIES     OP     LIGHT. 

Theories  of  the  Nature  -of  Liyht — Sources  of  Light — Phosphorescence — 
Temperature  of  a  red.  Heat — Effects  of  Bodies  on  Light — Passage  in 
straight  Lines — Production  of  Shadows —  Umbra  and  Penumbra, 

Haytntg  treated  of  the  mechanical  properties  of  gases,  liquids,  solids,  and 
the  laws  of  motion,  we  are  now  led  to  the  consideration  of  certain  agents  or 
forces — light,  heat,  electricity.  These,  by  many  philosophers,  are  believed 
to  be  matter  in  an  imponderable  state ;  they  are  therefore  spoken  of  as  impon- 
derable substances.  By  others  their  effects  are  regarded  as  arising  from 
motions  or  modifications  impressed  on  a  medium  everywhere  present,  which 
passes  imderthe  name  of  the  etheb. 

Applying  these  views  to  the  case  of  light,  two  different  hypotheses  re- 
specting its  constitution  obtain.  The  first,  which  has  the  designation  of  the 
theory  of  emission,  regards  light  as  consisting  of  particles  of  amazing 
minuteness,  which  are  projected  by  the  bhining  body  in  all  directions,  ana 
in  straight  lines.  These,  impinging  eventually  on  the  organ  of  vision,  give 
rise  to  the  sensation  which  we  speak  of  as  brightness  or  l^ht.  To  the  other 
theory  the  title  of  undulatory  theory  is  given  ;  it  supposes  that  there  exists 
throughout  the  universe  an  ethereal  medium,  in  which  vibratory  movements 
can  arise  somewhat  analogous  to  the  movements  which  give  birth  to  sounds 
in  the  air ;  and  these  passing  through  the  transparent  parts  of  the  eye,  and 
falling  on  the  retina,  affect  it  with  their  pulsations,  as  waves  in  the  air  affect 
the  auditory  nerve,  but  in  this  case  give  rise  to  the  sensation  of  light,  as 
in  the  other  to  sound. 

There  are  many  different  sources  of  light — some  astronomical  and  some 
terrestrial.  Among  the  former  may  be  mentioned  the  sun  and  the  stars — 
among  the  latter,  the  burning  of  bodies,  or  combustion,  to  which  we  chiefly 
resort  for  our  artificial  lights,  as  lamps,  candles,  gas  flames.  Many  bodies 
are  phosphorescent ;  that  is  to  say,  emit  light  after  they  have  .been  exposed 
to  the  sun  or  any  shining  source.  Thus  oyster-shells,  which  have  been 
calcined  with  sulphur,  shine  in  a  dark  place  after  they  have  been  exposed  to 
the  light,  and  certain  diamonds  do  the  same.  So,  too,  during  processes  of 
putrefaction,  or  slow  decay,  light  is  very  often  emitted,  as  when  wood  is 
mouldering,  or  meat  is  becoming  putrescent.  The  source  of  the  luminous- 
ness,  in  these  cases,  seems  to  be  the  same  as  in  ordinary  combustions ;  that 
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is,  the  buminff  away^  of  carbon  and  hydroffen  under  the  influence  of  atmo- 
spheric air ;— but,  m  certain  cases,  the  functions  of  life  give  rise  to  an 
aoundant  emission  of  light,  as  in  fireflies  and  glowworms :  these  continue  to 
shine  even  under  the  surface  of  water,  and  there  is  reason  to  believe  that  the 
phenomenon,  to  a  considerable  extent,  is  subject  to  the  voHtion  of  the  animal. 

All  solid  substances,  when  they  ure  exposed  to  a  certain  degree  of  heat, 
"become  incandescent,  or  emit  light.  When  first  visible  in  a  dark  place,  this 
light  is  of  a  reddish  colour  ;  but  as  the  temperature  is  carried  higher  and 
higher  it  becomes  more  brilliant,  being  next  of  a  yellow,  and  lastly  of  a 
dazzling  whiteness.  For  this  reason,  we  sometimes  indicate  the  temperature 
of  such  bodies,  in  a  rough  way,  by  refereuce  to  the  colour  they  emit :  thus 
we  speak  of  a  red  heat,  a  yellow  heat,  a  white  heat.  I  have  recently  proved 
that  all  solid  substances  begin  to  emit  light  at  the  same  degree  of  heat,  and 
that  this  answers  to  977°  of  Fahrenheit's  thermometer ;  moreover,  as  the 
temperature  rises,  the  brilliancy  of  the  light  rapidly  increases,  so  that  at  a 
temperature  of  2600°  it  is  almost  forty  times  as.  intense  as  at  1900°.  At 
these  high  temperatures  an  elevation  of  a  few  degrees  makes  a  prodigious 
difference  in  the  brilliancy.  Gases  require  to  be  brought  to  a  far  higher 
temperature  than  solids  before  thejr  begin  to  emit  light. 

N  on -luminous  bodies  become  visible  by  reflecting  the  light  which  falls  on 
them.  •  In  their  general  relations,  such  bodies  may  be  spoken  of  as  trans- 
parent and  opaque.  By  the  former  we  mean  those  which,  like  glass,  afford 
a  more  or  less  ready  passage  to  the  light  through  them ;  by  the  latter  such 
as  refuse  it  a  passage.  But  transparency  and  opacity  are  never  absolute — 
they  are  only  relativ  e.  The  purest  glass  extinguishes  a  certain  amount  of 
the  rays  which  fall  on  it,  and  the  metals  which  are  commonly  looked  upon 
as  being  perfectly  opaque  allow  light  to  pass  through  them,  provided  they 
are  thin  enough.  Thus  gold  leaf  spread  upon  glass  transmits  a  greenish- 
coloured  light. 

The  rays  of  light,  from  whatever  source  they  may  come,  move  forward  in 
straight  lines,  continuing  their  course  until  they  are  diverted  from  it  by  the 
interposition  of  some  obstacle,  or  the  agency  of  some  force.  That  this 
rectilinear  path  is.  followed  may  be  proved  by  a  variety  of  facts.  Thus,  if  we 
intervene  an  opaque  body  between  any  object  and  the  eye,  the  moment  the 
edge  of  that  body  comes  to  the  line  which  connects  the  object  and  the  eye,  the 
object  is  cut  off  from  our  view.  In  a  room  into  which  a  sunbeam  is  admitted 
through  a  crevice,  the  path  which  the  light  takes,  as  is  marked  out  by  the 
motes  that  float  in  the  air,  is  a  straight  line. 

By  a  ray  of  light  we  mean  a  straight  line  drawn  from  the  luminous  body, 
marking  out  the  path  along  which  the  shining  particles  pass. 

A  shining  body  is  said  to  radiate  its  light,  because  it  projects  its  luminous 
particles  in  straight  lines,  like  radii,  in  every  direction,  and  these  falling  on 
opaque  bodies,  and  being  intercepted  by  them,  give  rise  to  the  production  of 
shadows. 

If  the  light  is  emitted  by  a  single  luminous  point,  the*  boundary  of  the 
shadow  can  be  obtained  by  drawing  straight  lines  from  the  luminous  point 
to  every  point  on  the  edge  of  the  body,  and  producing  them.  Thus, 
let  fl.  Fig.  208,  be  the  luminous  point,  6  c  the  opaque  body ;  by  drawing 
the  lines,  ab,  a  c,  and  producing  them  to  d  and  e,  the  boundary  and 
figure  of  the  shadow  may  be  exhibited. 

But  if  the  luminous  body,  as  in  most  instances  is  the  case,  posse8«ie&  ^ 
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sensible  magnitude ;  if  it  is,  for  example,  the  sun  or  a  flame,  an  opaque 
body  will  cast  two  shadows,  which  pass  respectively  under  tie  names  of  the 
umbra  and  penumbra — ^the    former  being  dark,    andf  the  latter  partially 

illuminated.  This  may  be  illus- 
trated by  Fig.  209,  in  which  a  6  is 
the  flame  of  a  candle,  or  any  oth^ 
luminous  source,  having  a  sensible 
tf  magnitude,  c  d  the  opaque  body. 
Now  the  straight  Hues,  a  c  fj  a  dn, 
drawn  from  the  top  of  the  flame  to 
^  the  edges  of  the  opaque  body  and 
produced,  give  the  shadow  for  that 
point  of  the 
flame  ;  and 
the  lines  bccy 
h  d  ^,  drawn 
in  like  man- 
ner from  the  bottom  of  the  flame,  give  the  shadow  j 
for  that  point.  But  we  see  that  the  space  between  g  [ 
and  A,  which  belongs  to  the  shadow  for  the  top  of  the  L.I 
flame,  is  not  perfectiy  dark,  because  it  is  so  situated 
as  to  be  partially  illuminated  by  the  bottom  of  the 
flame — and  a  similar  remark  may  be  made  as  respects 
the  space,  /  c,  which  receives  light  from  the  top  of  the 
flame.  But  the  remaining  space,  /  ^,  receives  no  light  whatever^it  is 
totally  dark — and  we  tiierefore  call  it  tiie  umbra,  while  the  partially  illumi- 
nated regions,  /  e  and  g  h,  are  the  penumbra. 


Fig:  208. 


CHAPTER  XXXY. 

OF  THE  MEASURES  OF  THE  INTENSITY  AND  VELOCITY  OF  LIGHT. 

Conditions  of  the  Intensity  of  Light — Of  Photometric  Methods — Mumford^s 
Method  by  Shadows — Bitchie^ s  Photometer — Difficulties  in  Coloured  Lights 
— Masson^s  Method —  Velocity  of  Light  determined  by  the  Eclipse  of  Jupiter's 
Satellites — 2'he  same  by  the  Aberration  of  the  Fixed  Stars, 

^     By  Photometry*  we  mean  the  measurement  of  the  brilliancy  of  light — an 
operation  which  can  be  conducted  in  many  different  ways. 

It  is  to  be  understood  that  the  illuminating  jower  of  a  shining  body 
depends  on  several  circumstances.  First,  upon  its  distance — for  near  at 
hand  the  effect  is  much  greater  than  far  off—the  law  for  the  intensity  of  light 
in  this  respect  being,  that  the  brilliancy  of  the  light  is  inversely  as  the 
square  of  the  distance.  A  candle  two  feet  off  ^ves  only  one-fourth  of  the 
light  that  it  does  at  one  foot ;  at  three  feet  it  gives  only  one-ninth,  &c. 
Secondly,  it  depends  on  the  absolute  intensity  of  the  luminous  surface: 
thus  we  have  seen  that  a  solid,  at  different  degrees  of  heat,  emits  very 
different  amounts  of  light ;  and  in  the  same  way  the  flame  of  burning  hy- 

♦  This  term  is  derived  from  the  two  Greek  words,  phose  (^«ri»  light,  and  metron 
•furpov),  a  measure. 


NATUfiAL  PHILOSOPHY.  125 

drogen  is  almost  invisible,  and  that  of  spirits  of  wine  is  very  dull  when 
compared  with  an  ordinary  lamp.  Thirdly,  it  depends  on  the  area  or  sur- 
face the  shining  body  exposes,  the  brightness  bemg  greater  according  as 
that  surface  is  greater.  1?  ourthly,  in  the  absorption  which  the  light  siSfers 
in  passing  the  medium  through  which  it  has  to  traverse — for  even  the  most 
transparent  obstructs  it  to  a  certain  extent.  And  lastly,  on  the  angle  at 
which  the  rays  strike  the  surface  they  illuminate,  being  most  eflfective  when 
they  fall  perpendicularly,  and  less  in  proportion  as  their  obliquity  increases. 
Ihe  fiist  and  last  of  the  conditions  here  mentioned,  as  controlling  the 
intensity  of  light — the  effect  of  distance  and  of  obliquity — ^may  be  illustrated 
as  follows : — 


c  B 

Fig.  210. 
\st.  That  the  intensity  of  light  is  inversely  as  the  squares  of  the 
distance.  Let  B,  Fig.  210,  be  an  aperture  in  a  piece  of  paper,  through 
which  rays  coming  from  a  small  illuminated  point.  A,  pass ;  let  these  rays 
he  received  on  a  second  piece  of  paper,  C,  placed  twice  as  far  from  A  as  is  B, 
it  will  be  found  that  they  illuminate  a  surface  which  is  twice  as  long  and 
twice  as  broad  as  A,  and  therefore  contains  four  times  the  area.  If  the 
paper  be  placed  at  D,  three  times  as  far  from  A  as  is  B,  the  illuminated 
space  will  be  three  times  as  long  and  three  times  as  broad  as  A,  and  con- 
tain nine  times  the  surface.  If  it  be  at  E,  which  is  four  times  the  distance, 
tlie  surface  wiU  be  sixteen  times  as  great.  All  this  arises  from  the  recti- 
linear paths  which  the  diverging  rays  take,  and  therefore  a  surface  illu- 
minated by  a  given  light  will  receive,  at  distances  represented  by  the  num- 
bers 1,  2,  3,  4,  &c.,  quantities  of  light  represented  by  the  numbers  1,  i,  i, 
Jy,  &c.,  which  latter  are  the  inverse  squares  of  the  former  numbers. 

2nd,  That  the  intensity  of  light  is  dependent  on  the  angle  at  which  the 
rays  strike  the  receiving  surface,  being  most  effective  when  they  fall  per- 
pendicularly, and  less  in  proportion  as  the  obliquity  increases.     Let  there 

be  two  surfaces,  D  C 
and  E  C,  Fig.  211,  on 
which  a  beam  of  light, 
A  B,  falls  on  the  for- 
mer perpendicularly, 
and  on  the  latter  ob- 
liquely— the  latter  sur- 
face, in  proportion  to 
its  obliquity,  must 
have  a  larffer  area  to 
receive  all  the  rajs 
_,.    211  which  fall  on  D  C.     A 

*'^       •  givenquantityof  lights 
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therefore,  is  diffused  oyer  a  greater  surfEice  when  it  is  rcceiyed  obliquely, 
and  its  effect  is  correspondingly  less. 

To  compare  different  lights  with  one  another,  Count  Eumford  invented 
a  process  which  goes  under  the  name  of  the  method  of  shadows.  The  prin- 
ciple is  very  simple.  Of  two  lights,  that  which  is  ihe  most  brilliant  will 
cast  the  deepest  shadow,  and  with  any  light  the  shadow  which  i&  cast 
becomes  less  dark  as  the  light  is  more  distant.  If,  therefore,  we  wish  to 
examine  experimentally  the  brilliancy  of  two  lights  on  Rumford's  method, 
we  take  a  screen  of  white  paper,  and  setting  in  front  of  it  an  opaque  rod, 
we  place  the  lights  in  such  a  position  that  the  two  shadows  arising  shall 
be  close  together,  side  by  side.  Now  the  eye  can,  without  any  difficulty, 
determine  which  of  the  two  is  darkest ;  and  by  removing  the  light,  which 
has  cast  it  to  a  greater  distance,  we  can,  by  a  few  tricds,  bring  the  two 
shadows  to  precisely  the  same  degree  of  depth.  Now  measure  the  distances 
of  the  two  lights  from  the  screen,  and  the  illuminating  power^  are  as  the 
squares  of  those  distances. 

Ritchie's  photometer  is  an  instrument  for  obtaining  the  same  result ;  not, 
however,  by  the  contrast  of 
shadows,  but  by  the  equal  illu- 
mination of  surfaces.  It  con- 
sists of  a  box,  a  h,  Fig.  212,  six 
or  eight  inches  long,  and  one 
broad  and  deep,  in  the  middle  of 
which  awedge  of  w(yod,feg,  with 
its  angle,  «,  upward,  is  placed. 
This  wedge  is  covered  over  with 
dlean  white  paper,  neatly  doubled 
to  a  sharp  line  at  e.  In  the  top 
of  the  box  there  is  a  conical  tube, 
with  an  aperture,  d,  at  its  upper  end,  to  which  the  eye  is  applied,  and  the 
whole  may  be  raised  to  any  suitable  height  by  means  of  the  stand,  c.  On 
looking  down  through  <?,  having  previously  placed  the  two  lights,  m  n,  the 
intensity  of  which  we  desire  to  determine  on  opposite  sides  of  the  box,  they 
illuminate  the  paper  surfaces  exposed  to  them,  c  /to  m,  and  e  g  io  n^  and 
the  eye,  at  c/,  sees  both  those  surfaces  at  once.  By  changing  the  position  of 
the  hghts,  we  eventually  make  them  illuminate  the  surfaces  equally,  and 
then  measuring  their  distances  from  c,  their  illuminating  powers  are  as  the 
squares  of  those  distances. 

It  is  not  possible  to  apply  either  of  these  methods  in  a  satisfactory  manner, 
where,  as  is  unfortunately  often  the  case,  the  lights  to  be  examined  differ  in 
colour.  The  eye  can  form  no  judgment  whatever  of  the  relation  of  bright- 
ness of  two  surfaces  when  they  are  of  different  colours ;  and  a  very  slight 
amount  of  tint  completely  destroys  the  accuracy  of  these  processes.  To  some 
extent,  in  Ritchie's  instrument,  this  may  be  avoided  by  placing  a  coloured 
glass  at  the  aperture,  d, 

A  third  photometric  method  has  recently  been  introduced ;  it  has  great 
advantages  over  either  of  the  foregoing ;  and  difference  of  colour,  which  in 
them  is  so  serious  an  obstacle,  serves  in  it  actually  to  increase  the  accuracy 
of  the  result.  The  principle  on  which  it  is  founcLed  is  as  follows :  If  we 
take  two  lights,  and  cause  one  of  them  to  throw  the  shadow  of  an  opaque 
body  upon  a  white  screen,  there  is  a  certain  distance  to  which,  if  we  bring 


Fig.  212. 
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the  second  light,  its  rays,  illuminatiiig  the  screen,  will  totally  obliterate  aU 
traces  of  the  shadow.  This  disappearance  of  the  shadow  can  be  judged  of 
with  great  accuracy  by  the  eye.  It  has  been  found  that  eyes  of  average 
sensitiveness  fail  to  distinguish  the  effect  of  a  light  when  it  is  in  presence  of 
another  sixty-four  times  as  intense.  The  precise  number  varies  somewhat 
with  different  eyes  ;  but  to  the  same  eye  it  is  always  the  same.  If  there  be 
any  doubt  as  to  the  perfect  disappearance  of  the  shadow,  the  receiving  screen 
may  be  agitated  or  moved  a  little.  This  brings  the  shadow,  to  a  certain 
extent,  into  view  again.  Its  place  can  then  be  traced,  and,  on  ceasing  the 
motion,  the  disappearance  verified.    . 

When,  therefore,  we  desire  to  discover  the  relative  intensities  of  light,  we 
have  merely  to  inquire  at  what  distance  -they  effect  the  total  obliteration  of 
a  shadow,  and  their  intensities  are  as  the  squares  of  those  distances.  This 
method  has  been  emploved  for  the  determination  of  the  quantities  of  light 
emitted  by  a  solid  at  diderent  temperatures,  and  found  very  exact. 

Light  does  not  pass  instantaneously  from  one  point  to  another,  but  with 
a  measurable  velocity.  The  ancients  believed  that  its  transmission  was 
instantaneous,  illustrating  it  by  the  example  of  a  stick,  which,  when  pushed 
at  one  end,  simultaneously  moves  at  the  other.  They  did  not  know  that 
even  their  illustration  was  false;  for  a  certain  time  elapses  before  the  further 
end  of  the  stick  moves ;  and,  in  reality,  a  longer  time  than  light  would 
require  to  pass  over  a  distance  equal  to  the  length  of  the  stick.  But,  in 
1676,  a  Danish  astronomer,  Roemer,  found,  from  observations  on  the  eclipses 
of  Jupiter's  sateUitea,  that  light  moves  at  the  rate  of  about  192,000  imles 
in  one  second. 

This  singular  observation  may  be  explained  as  follows :  Let  S,  Fig.  213, 

^  be  the  sun,   E  the  earth, 

moving  in  the  orbit,  E  E', 
as  indicated  by  the  arrows ; 
let  J  be  Jupiter,  and  T  his 
first  satellite,  moving  in  its 
orbit  round  him.  It  takes 
the  satellite  42  hours,  28 
minutes,  35  seconds,  to  pass 
from  T  to  T' — that  is  to  say, 
through  the  planet's  shadow. 
But,  during  this  period  of 
time,  the  earth  moves  in  her 
^'^'  ^^'^-  orbit,  from  E  to  E',  a  space 

of  2,880,000  miles.  Now,  it  is  found,  under  these  circumstances,  that  the 
emersion  of  the  satellite  is  16  seconds  later  than  it  should  have  been.  And 
it  18  clear  that  this  is  owing  to  the  fact  that  the  light  requires  15  seconds 
to  pass  from  E  to  E',  and  overtake  the  earth.  Its  velocity,  therefore,  in  one 
second,  must  be  192,000  miles. 

This  beautiful  deduction  was  corroborated  by  Dr.  Bradley,  in  1725,  upon 
totally  different  principles,  involving  what  is  termed  the  aberration  of  the 
stars.  The  principle,  which  is  somewhat  difficult  to  explain,  is  clearly 
iUiistrated  by  Eisenlohr  as  follows :  Let  M  N  represent  a  ship,  whose  side  is 
aimed  at  point-bknk  by  a  cannon  at  a.  Now,  if  the  vessel  were  at  rest, 
a  ball  ducharged  in  this  manner  would  pass  throiigh  the  points  b  and 
c,  so  that  the  t&ee  points,  a,  h^  and  o,  would  all  be  in  the  same  straight 
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line.    Bnt  if  the  vessel  itself  move   from  M  towards  N,  then  the  ball 
which  entered  at  b  would  not  ccJme  out  at  the  opposite  point,  c,  but  at 

some  other  point,  d,  as  much  nearer 
**  to  the  stem  as  is  equal  to  the  dis- 
tance gone  over  by  the  vessel,  from 
M  to  N,  during  the  time  of  ]^assage 
of  the  ball  through  her.  The  lines  b  c 
and  b  d,  tiierefore,  form  an  angle  at 


6,  whose  magnitude  depends  on  the 
position  otb  c  and  b  d.  The  greater 
the  velocity  of  the  ball,  as  compared 
with  the  ship,  the  less  the  angle. 
^  Next,  for  the  diip  substitute  in  your 
Fig.  214.  mind  the  earth,  and  for  the  cannon 

any  of  the  fixed  stars ;  let  the  velocity, 
b  c,  of  the  cannon-ball  now  stand  for  that  of  light,  and  let  d  che  the  velocity 
of  the  earth  in  her  orbit.  The  angle,  db  Cfia  called  the  angle  of  aberra- 
tion. It  amounts  to  20^  seconds  for  all  the  stars ;  for  thev  aJl  exhibit  the 
same  alteration  in  their  apparent  position,  being  more  bacWard  than  they 
really  are  in  the  direction  of  the  earth's  annual  motion,  as  Bradley  dis- 
covered. By  a  simple  trigonometrical  calculation,  it  appears  from  these 
facts  that  the  veloci^  of  light  is  195,000  miles  per  second,  a  result  nearly 
coinciding  with  the  rormer. 


CHAPTER  XXXVI. 

KEFLECTTOX    OF  LIGHT. 


Different  kinds  of  Mirrors — General  Law  of  Reaction — Case  of  Parallel, 
Converging,  and  Diverging  Mays  on  Plane  Mirrors — TAc  Kaleidoscope — 
Properties  of  Spherical  Concave  Mirrors — Properties  of  Spherical  Con- 
vex  Mirrors — Spherical  Aberration— Mirrors  of  other  Forms — Cylindrical 
Mirrors, 

When  a  ray  of  light  falls  upon  a  surface,  it  maybe  reflected,  or  transmitted, 
or  absorbed. 

We  therefore  proceed  to  the  study  of  these  three  incidents  which  may 
happen  to  light,  commencing  with  reflection. 

Reflecting  surfaces  in  optics  are  called  mirrors ;  they  are  of  various  kinds, 
as  of  polished  metal  or  glass.  They  differ  also  as  respects  the  figure  of  their 
surfaces,  being  plane,  convex,  or  concave ;  and  again  they  are  divided  into 
such  as  are  spherical,  parabolic,  elliptical,  &c. 

The  general  law  which  is  at  the  foundation  of  this  part  of  optics — ^the  law 
of  refiection — is  as  follows : — 

The  angle  of  reflection  is  equal  to  the  angle  of  incidence  ;  the  reflected  ray 
is  in  the  opposite  side  of  the  perpendicular ;  and  the  perpendicular^ 
the  incident,  and  the  reflected  rays  are  all  in  the  same  plane. 

Thus  let  t,  Fig.  215,  be  the  reflecting  surface ;  ft  i  a  perpendicular  to  it 
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Fig,  215. 
Tkus,  if  froin  the 


at  any  point,  n  t  a.  ray  incident  on  the  same  point ;  the  path  of  the  reflected 
ray  under  the  foregoing  law  will  he  i  d:  snch  that  it  is  on  the  opposite  side 
of  the  perpendicular  to  the  incident  ra^,  that  n  t,  ip,  and  id,  are  all  in  the 
same  plane,  and  that  the  angle  of  incidence,  n  t  ^,  is  eq^ual  to  the  angle  of 
reflection,  %  p  d. 

Reflection  from  mirror  surfaces  may  be  studied  under 
three  divisions — reflection  fr©m  plane,from  concaye,  and 
from  convex  mirrors. 

When  parallel  rays  fall  on  a  plane  mirror,  they  will 
be  reflected  parallel,  and  divergent  and  convergent  rays 
wlQ  respectively  diverge  and  converge  at  angles  equal 
to  their  angles  of  incidence.     » 

When  rays  diverging  from  a  point  fall  on  a  mirror, 
they  are  reflected  from  it  in  such  a  manner  as  though 
they  proceeded  from  a  point  as  far  behind  it  as  it  is  in 
reality  before  it.  This  principle  has  already  been  ex- 
plained in  Chapter  XXXI.  It  is  illustrated  in  Fig.  216. 
point  a  two  rays,  ahy  a  c,  diverge,  they  will,  under  the  general  law,  be 
respectivelv  reflected  along  bd,  e  e;  and  if  these  be 
produced  they  will  intersect  at  a',  as  far  behind  the 
mirror  as  a  is  before  it.  The  point  a'  is  called  the 
virtual  focus. 

From  this  it  appears  that  any  object  seen  in  a 
plane  mirror  appears  to  be  as  far  behind  it  as  it  ia 
m  reality  before  it. 

If  an  object  is  placed  between  two  parallel  plane 

mirrors,  each  will  produce  a  reflected  image,  and 

will  also  repeat  the  one  reflected  by  the  other.     The 

consequence  is,  therefore,  that  there  is  an  indefinite 

number  of   images  produced,   and  in  reality  the 

number  would    be    infinite,    were    the    l^ht    not 

gradually  enfeebled    by    loss    at    each    successive 

reflection. 

Fig.  216.  The  kaleidoscope  is  a  tube  containing  two  plane 

mirrors,  which  run  ttiroueh  it  lengthwise,  and  are  generally  inclined  at  an 

angle  of  60^.     At  one  end  of  the  tube  is  an  arrangement  by  which  pieces  of 

ooloured  glass  or  other  objects  may  be  held,  and  at  the  other  there  is  a  cap 

with  a  small  aperture.     On  placing  the  eye  at  this  aperture  the  objects  are 

reflected,   amd   form   a   beautiful    hexagonal 

oombination ;   their  position   and  appearance 

may  be  varied  by  turning  the  tube  round  on 

tt  axis. 

The  principle  upon  which  the  kaleidoscope  is 
odistracted  is  the  multiplication  of  the  reflec- 
tion  of  an  object  caused  by  placing  it  between 
two  mirrors  inclined  towaras  ea^  other  at 
maj  angle,  but  usually  at  60<>.  This  instm- 
mentwas  invented  or  revived  by  Sir  David 
Brewster,  who  took  out  a  patent  for  it  in  1817.  ^    217 

!nie  •  acoompanying    figure    represents    two  ^* 

minort  inclined  towaras  each  other  at  an  angle,  ABC,  having  an  q>V 
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kct,  OP,  placed  between  them.  The  conseqnenoe  of  this  arrangement 
IS,  that  several  images  will  be  observed  arranged  within  the  circ^unfer- 
ence  of  a  circle.  Thos  we  observe  in  the  diagram  that  the  image,  0  P,  in 
the  mirror,  A  C,  is  j»  o,  while  its  image  in  B  u  is  o  j9 ;  and  therefore  the  re- 
flection of  />  o  in  B  C  will  be  o ^,  wmle  the  image  of  o^  in  A  C  will  hep  o. 
It  therefore  appears  that  ^  o  is  the  image  of  botii,  P  0,  in  the  mirror, 
b  C,  and  of  o  »  in  the  mirror,  a  C,  one  of  the  images  covering  the  other, 
if  the  angle  B  C  A  be  i  (or  the  sixth  part  of  a  circle),  as  in  the  diagram. 
If  the  angle  be  greater  or  less,  the  image,  p  0,  will  be  twofold. 

Concave  and  convex  mirrors  are  commonly  ground  to  a  spherical  figure, 
though  other  figures,  such  as  ellipsoids,  paraboloids,  &c.,  are  occasionally 
used  for  special  purposes.  It  is  the  properties  of  spherical  concaves  that  we 
shall  first  describe. 

The  general  action  of  a  spherical  mirror  may  be  understood  by  regarding 
it  as  made  up  of  a  number  of  small 
plane  mirrors,  as  A^  B,  C,  D,  E,  F,  G,  Fig. 
218.  On  such  a  combination  of  small 
mirrors  let  rays  emanating  from  R  im- 
pinge. The  different  degrees  of  oblijiuity 
under  which  they  fall  upon  the  mirrors 
cause  them  to  follow  new  paths  after 
reflection,  so  that  they  converge  to  the 
point  S  as  to  a  focus. 

The  problem  of  determining  the  path  of  a  ray  after  it  has  been  reflected 
is  solved  by  first  drawing  a  perpen^cular  to  tiie  surface  at  the  point  of 
impact,  and  then  drawing  a  line  on  the  opposite  side  of  this  i>erpendicular, 
mddng  with  it  an  angle  equal  to  that  of  the  an^  of  incidence  of  the 

incident  ray.  Thus,  let  r  «,  Fig.  219, 
be  an  incident  ray  falling  on  any  re- 
flecting surface  at  «.  To  find  the  path 
it  will  take  after  reflection,  we  first 
draw  «  c,  a  perpendicular  to  the  surface 
at  the  point  of  impact,  s ;  and  then 
draw  the  line  «/on  the  opposite  side  of 
Fi^.  219.  ^Q  perpendicular   c  «,  such  that  the 

angle  o  s  /  is  equal  to  the  angle  car.  This  is  nothing  but  an  application 
of  the  general  law  of  reflection,  that  the  angles  of  incidence  and  reflection 
are  equal  to  one  another,  and  are  on  opposite  sides  of  the  perpendicular. 

When  rays  of  light  diverge  from  the  centre  of  a  spherical  concave  mirror 
after  reflection  they  converge  back  to  the  same  point ;  for,  jfrom  the  nature 
of  such  a  surface,  fines  drawn  from  its  centre  are  perpendicular  to  the  point 
to  which  they  are  drawn.  Every  ray,  therefore,  impinges  perpendicularly 
upon  the  surface,  and  returns  to  the  centre  again. 

When  parallel  rays  of  light  fall  on  the  surface  of  a  spherical  mirror,  the 
aperture  or  diameter  of  which  is  not  very  large,  they  are  reflected  to  a 
point  half  way  between  the  surface  and  centre  of  the  mirror.  Thus,  let 
r  sr'  8'  be  parallel  rays  falling  on  the  mirror,  «  «',  the  aperture,  «  «',  of  which 
is  only  a  few  degrees,  these  rays,  after  reflection,  will  be  found  converging 
to  the  point  /,  which  is  called  the  principal  foeuSj  half  way  between  the 
*  vertex  of  the  mirror,  v,  and  its  centre,  c ;  for  if  we  draw  the  radii,  c  a  c'  «', 
these  lines  are  perpendicidars  to  the  mirror  at  the  points  on  which  they 
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fell ;  then  make  the  angles  c  «^ equal  c  «  r,  and  c  a  /equal  c  s'  r',  and  it  is 
easy  to  prove  that  the  point/ is  midway  between  v  and  c, 

fiut  if  the  aperture,  a' «',  of  the  mirror  exceeds  a  few  degrees,  it  may  be 
proved  geometrically  that  the  rays  no  longer  converge  to  the  focus,  /; 
but,  as  the  aperture  increases,  they  are  found  nearer  and  nearer  to  the 
vertex,  v,  until  finally,  were  it  not  for  the  opacity  of  the  mirror,  they 
woBld  fall  at  the  back  of  it.  As  this  deviation* is  dependent  on  the 
spherical  figure  of  the  mirror,  it  is  termed  aberration  of  sphericity. 

Conversely,  if  diverging  rays  issue, 
from  a  lucid  point,  /,  Fig.  219, 
half  way  between  the  vertex  and 
centre  of  a  spherical  mirror  of 
limited  aperture,  they  will  be  re- 
flected in  parallel  lines. 

Rays  coming  from  any  point,  r, 
.     Pig.     220,    at    a    finite    distance 
•ni.       n    X  :i  ^^^'  ^^'  n  „  ,  beyond  the  centre  of  the  mirror, 

wiU  be  reflected  so  as  to  fall  between  the  focus,/  and  the  centre,  c. 

Kays  coming  from  a  point,  r.  Fig.  221,  between  the  focus,  /  and  the 
vertex,  v,  will  diverge  after  reflection. 
ITnd^r  such  circumstances  a  virtual  focus, 
/,  exists  at  the  back  of  the  mirror. 
^  Concave  mirrors  give  rise  to  the  forma- 
tion of  images  in  their  foci.  This  fact 
may  be  shown  experimentally  bv  placing  a 
candle  at  a  certain  distance  ui  front  of 
such  a  mirror,  and  a  small  screen  of  paper 
at  the  focus.  On  this  paper  will  be  seen 
an  image  of  the  flame,  beautifully  clear 
uid  distinct,  but  inverted.  The  relative 
sdze  and  position  of  this  image  varies  ac- 
cording to  the  distance  of  the  object  from 
the  vertex  of  the  mirror. 

The  second  variety  of  curved  mirrors  is  the  convex ;  their  chief  pro- 
perties are  as  follow : — 

When  parallel  rays  fall  on  the  surface  of  a  convex  mirror,  they  become 

divergent  after  reflection ;  for  let 
8  8'  be  such  a  mirror,  and  r  8  r'  8' 
rays  parallel  to  its  axis  falling  on 
it ;  let  c  be  the  centre  of  the  mirror, 
and  draw  c  8  c  s',  which  will  be 
respectively  perpendicular  to  the 
mirror  at  the  pomts  s  and  8' ;  then 
for  the  reflected  rays,  make  the 
angle,  tap,  equal  to  j9  «  r,  and 
the  angle,  f  s'p',  equal  to  p'  8'  r ;  it 
may  ttien  be  demonstrated,  that 
not  only  do  these  reflected  rays 
diverge,  but  if  they  be  produced 
through  the  mirror  till  they  inter- 
sect, thev  will  give  a  virtual  focua 
at/,  half-way  bet^^^n  ^Qtva  -^^tXex 


Fig.  221. 


Fig.  222. 


132  THE  HOME  tttOE. 

of  the  mirror,  r,  and  its  centre,  c,  so  long  as  the  mirror  is  of  a  limited 
aperture. 

In  a  similar  manner  it  maj  be  proved  that  diverging  rays  falling  On.  a 
convex  mirror  become  more  divergent. 

To  avoid  the  effect  of  spherical  aberration,  it  has  been  proposed  to  giv0  to 
mirrors  other*  forms  than  the  spherical.  Some  are  ground  to  a  parabo- 
loidal,  and  others  to  an  ellipsoidal  figure.  Of  the  properties  of  such 
surfaces  I  have  already  spoken,  under  the  theory  of  undmations,  in  Chapter 
XXXI. ;  and  the  effects  remain  the  same,  whether  we  consider  light  as 
consisting  of  innumerable  small  particles  shot  forth  with  great  velocity,  oi' 
of  undulations  arising  in  an  elastic  ether.  In  both  cases  parallel  rays, 
falling  on  a  paraboloidal  mirror,  are  accurately  converged  to  the  focus, 
whatever  the  aperture  of  the  mirror  may  be ;  and  in  ellipsoidal  ones,  rays 
diverging  from  one  of  the  foci  are  collected  together  in  the  other.  Occa- 
sionaUy,  for  the  purposes  of  amusement,  mirrors  are  ground  to  cylindrical 
or  conical  figures;  they  distort  the  appearance  of  objects  presented  to 
them,  or  reflect,  in  proper  proportions,  the  images  of  distorted  oi  ludicrous 
paintings. 

CHAPTER  XXlYII. 

BEFEACTION  OF  LIGHT, 

Mefractive  Action  described— Law  of  the  Sines^—Relation  of  the  Refractive 
JPower  with  other  Qualities —Total  Iteflection--Ray8  on  plane  Surfaces— 
The  Prism — Action  of  tJie  Prism  on  a  Ray-^The  Multiplyiny-glass. 

When  a  ray  of  light  passes  out  of  one  medium  into  another  of  a  different 
density,  its  rectilinear  progress  is  disturbed,  and  it  bends  into  a'newpatli. 
This  phenomenon  is  designated  the  refraction  of  light. 

Thus,  if  a  sunbeam,  entering  through  a  small  hole  in  the  shutter  of  a 
dark  room,  faUs  on  the  surface  of  some  water  contained  in  a  vessel,  the  beam, 
instead  of  passing  on  in  a  straight  line,  as  it  would  have  done  had  the  wate^ 
not  intervened,  is  bent  or  broken  at  the  point  of  incidence,  and  moves  in  the 
new  direction. 

In  the  same  way,  also,  if  a  coin  or  any  other  object,  0,  Fig.  223,  be  placed 
at  the  bottom  of  an  empty  bowl, 
A  B  C  D,  and  the  eye  at  E  so 
situated  that  it  cannot  perceive 
the  coin,  the  edge  of  the  vessel 
intervening,  if  we  pour  in  water 
the  object  comes  into  view ;  and 
the  cause  of  this  is  the  same  as  in 
the  former  illustration :  for  while 
the  vessel  is  empty  the  ray  is 
obstructed  by  the  edge  of  the 
bowl,  as  at  0  G  E,  but  when  water 
is  poured  into  the  height  E  Q-, 
refraction  at  the .  point  L^  from  Fig.  223. 

the  perpendicular,  P  Q,  ensues ; 
and  now  the  ray  takes  the  course  0  L  E,  and  entering  the  eye  at  E,  the 
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Fig.  224. 


object  appears  at  K,  in  the  line  ELK.  For  the  same  reason  oars  or  straight 
sticks  immersed  in  water  look  broken,  and  the  bottom  of  a  etream  seems  at 
a  much  less  depth  than  what  it  actually  is. 

The  same  result  ensues  under  the  circumstances  represented  in  Fig  224, 

in  which  E  represents  a  candle,  the  rays 
^^.^  of  which  fall  on  a    rectangular  box, 

^tf^"-"^-  A  B  C  D,  under  such  circumstances  as 

to  cast  the  shadow  of  the  side  A  C  so  as 
to  fall  at  D.     If  the  box  be  now  tilled 
with  water,   everything  remaining  as 
before,  the  shadow  will  leave  the  point 
D,  and  go  to  d,  the  rays  undergoing  re- 
fraction as  they  enter  the  liquid ;  aiid  if 
the  eye  could  be  placed  at  d,  it  would 
see  the  candle  at  e,  in  the  direction  of 
d  A  produced. 
Let  N  0,  Fig  225,  be  a  refracting  surface,  and  C  the  point;  of  incidence  of 
a  ray,  B  C,  C  E  the  course  of  the  re- 
fr^ted  ray,  and  C  K  the  co\irse  the  ray 
would  have  taken  had  not  refraction 
ensued.    With  the  point  of  incidence,  C, 
98  a  centre,  describe  a  circle,  NM  0  G,  and 
from  A  and  R  draw  the  lines  A  D,  R  H 
at  right  angles  to  the   perpendicular 
M  G  to  the  point  C.     Then  ACM  will 
be  the  angle  of  incidence,  R  C  G-  the 
angle  of  refraction ;  A  D  is  the  sijie  of 
the  angle  of  incidence,  and  H  R  the  sine 
of  the  angle  of  refraction.  Now  in  every 
medium  tiiese  lines  have  a  fixed  relation 
to  (me  another,  and  the  general  law  of 
refraction  is  as  follows  : — 

In  each  medium  the  sine  of  the  angle  of  incidence  is  in  a  constant  ratio  to 
the  sine  of  the  angle  of  refraction ;  the  incident,  the  perpendicular,  and  the 
refracted  ray  are  all  m  the  same  plane,  which  is  always  at  right  angles  to  the 
plane  of  the  refracting  medium. 

To  a  beginner,  this  law  of  the  constancy  of  sines  may  be  explained  as 
follows :— Let  C  D,  Fig.  226,  be  a  ray  falling  on  a  medium,  A  B,  in  the 

point  D,  where  it  undergoes  refraction,  and 
takes  the  direction  D  E.  Its  sine  of  incidence, 
as  just  explained,  is  C  g,  and  its  sine  of  refrac- 
tion E  e ;  and  let  us  suppose  that  the  medium 
is  of  such  a  nature  that  the  sine  of  refraction  is 
one-half  the  sine  of  incidence — that  is,  E  e,  is 
half  Cg,  Moreover,  let  there  be  a  second  ray, 
HD,  incident  also  at  the  point  D,  and  re- 
fracted along  D  F ;  H  A  will  be  its  sine  of 
incidence,  and  F  /  its  sine  of  refraction ;  and 
by  the  lav  F  /  will  be  exactly  one-half  H  h, 
Tjie  proportion  or  relation  between  these  sines 
differs  when  different  media  arc  used^  bu.t  l^t. 
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the  same  medium  it  is  always  the  same.  Thus,  in  the  case  of  water,  iiie 
proportion  is  as  1*366  to  1 ;  for  flint-g^ass,  1*584  to  1 ;  for  diamond,  2-487 
to  1.  These  numbers  are  obtained  by  experiment.  They  are  called  tlie 
indices  of  refraction  of  bodies,  and  tables  of  the  more  conmion  sabstanoes 
are  giyen  in  the  lare;er  works  on  optics. 

"No  general  law  has  as  yet  been  discoyered  which  wonld  enable  ns  to 
predict  the  refractive  power  of  bodies  from  any  of  their  other  qnalities ;  but 
it  has  been  noticed  that  inflammable  bodies  are  commonly  more  powerful 
than  incombustible  ones,  and  those  that  are  dense  are  more  energetic  tlian 
those  that  are  rare. 

When  a  ray  of  light  passes  out  of  a  rare  into  a  dense  medium,  it  is  re- 
fracted toward  the  perpendicular.  Fig.  224  is  an  illustration — ^the  rays 
passing  from  air  into  water.  But  when  a  ray  passes  from  a  dense  into  a 
rarer  medium,  it  is  refracted  ^rom  the  perpendicular.  Fig  223  is  an  example 
— the  rays  passing  from  water  into  air. 

In  eyery  case,  when  a  ray  fsdls  on  the  surface  of  anj  medium  whateyer, 
it  is  only  a  portion  which  is  transmitted,  a  portion  bemg  always  reflected. 
If  in  a  dark  room  we  receive  a  sunbeam  on  the  surface  of  some  water,  this 
division  into  a  reflected  and  a  refracted  ray  is  very  evident ;  and  when  a  ray 
is  about  to  pass  out  of  a  highly  refractive  medium  into  one  that  is  less  so, 
making  the  angle  of  incidence  so  large  that  the  angle  of  refraction  is  equal 
to  or  exceeds  90"^,  total  reflection  ensues.  This  may  be  readily  shown  by 
allowing  the  rays  from  a  candle,  /,  or  any 
other  object,  to  fall  on  the  second  face,  6  c,  of  ^ 

a  glass  prism,  ab  Cy  Fig.  227 ;  the  eye  placed  i^ 

at  d  will  receive  the  reflected  ray,  d  e^  and  it  j 

will  be  perceived  that  the  face,  h  c,  of  the  glass,    gT^    \ — 
when   exposed  to    the  daylight,  appears  as     '\  j 

^  though  it  were  sil-         ^^^— 

yered,        reflecting  \ 

perfectly  all  objects 
exposed  to  its  front, 

Aswiththereflec-  ' 

tion  of  light,  so  with  refraction— it  is  to  be  con- 
sidered as  taking  place  on  plane,  convex,  and 
concave  surfaces. 

When  parallel  rays  fall  upon  a  plane  refracting 
surface  they  continue  parallel  after  refraction. 
This  must  necessarily  be  the  case,  on  account  of 
the  uniform  action  oi  the  medium. 

K  divergent  rays  faU  upon  a  plane  of  greater 
Pig.  228.  refractive  power  than  the  medium  through  which 

they  have  come,  they  will  be  less  divergent  than 
before.  Thus,  from  the  point  a  let  the  rays  a  by  ah'  diverge ;  after  suffering 
refraction,  they  will  pass  in  the  paths  h  c,  V  c',  and  if  these  lines  be  pro- 
jected, they  will  intersect  at  a\  but  wh^dV  are  less  divergent  than  a  6,  a  J'. 
If,  on  the  contrary,  rays  pass  from  a  medium  of  greater  to  one  of  less 
refractive  power,  they  will  be  more  divergent  after  refraction.  For  this 
reason  bodies  under  water  appear  nearer  the  surface  than  they  actually  are. 
When  parallel  rays  of  light  pass  through  a  medium  bounded  by  planes 
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that  are  parallel,  as  througli  a  plate  of  glass,  they  will  continue  still  parallel 
to  one  another,  and  to  their  original  direction,  after  refraction.  For  this 
reason,  therefore,  we  see  through  such  plates  of  glass  objects  in  their  natural 
positions  and  relation. 

The  optical  prism  is  a  transparent  medium,  having  plane  surfaces  inclined 
to  one  another.     It  is  usually  a  wedge-shaped  piece  of  glass,  a  o, 
Fig.  229,  which  can  be  turned  into  any  suitable  position,  on  a 
ball  and  socket-joint,  c,  and  is  supported  on  a  stand,  h.     As  this 
instrument  is  of  great  use  in  optical  researches,  we  shall  describe 
the  path  of  a  ray  of  light 
through  it  more  minutely. 
Let,   therefore,   ABC, 
Fig.  230,  be  such  a  glass 
Fig.  229.    prism  seen  endwise,  and  let 
a  6  be  a  ray  of  light  inci- 
dent at  h.     As  this  ray  is  passing 
from  a  rarer  to  a  denser  medium  it  is  .    „„^ 

refracted  toward  the  perpendicular  to  lig.      . 

an  extent  dependent  on  the  refractive  power  of  the  glass  of  which  the  prism 
is  composed,  and  therefore  pursues  a  new  path,  h  c,  through  the  glass ;  at  c 
it  again  undergoes  refraction,  and  now  passing  from  a  denser  to  a  rwrer 
medium,  takes  a  new  course,  c  d.  To  an  eye  placed  at  d^  and  looking 
through  the  prism,  an  object,  a,  seems  though  it  were  at  a',  in  the  straight 
line,  dc  continued.  Through  this  instrument,  therefore,  the  position  of 
objects  is  changed,  the  refracted  ray,  c  d,  proceeding  towards  the  back,  A  B, 
of  the  prism. 

But  the  prism  in  actual  practice  gives  rise  to  far  more  complicated  and 
interesting  efTeots,  to  be  described  hereafter,  when  we  come  to  speak  of  the 
colours  of  light. 

The  multiplying-glass  is  a  transparent  body,  having  several  inclined  faces. 
Its  construction  and  action  are  represented  at  Fig.  231. 
Let  A  B  be  a  plane  face,  C  D  also  plane  and  parallel 
to  it,  but  A  C  and  D  B  inclined.     Now  let  rays  come  . 
from  any  object,  a,  those,  a  b,  which  fall  perpendicu- 
larly on  the  two  faces  will  pass  without  suffering  re-  ^ 
fraction ;  but  those,  ac,ad,  which  fall  on  the  inclined      '^ 
faces,  will  be  refracted  into  new  paths,  c/,  df,  these 
portions  acting  like  the  prism  heretofore  described. 
CJonsequently  an  eye  placed  at /will  see  three  images 
of  the  object  in  the  direction  of  the  lines  along  which 
the  rays  have  come — that  is,  at  a',  a,  a".    Hence  the 
term  muUiplying-glass,  because  it  gives  as   many 
figures  of  an  object  as  it  has  inclined  surfaces.  pi^.  231, 
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Sphere  or  Globe.      ^ 

Double  Convex.        „ 
Plano-Convex.         «• 

Donble  Concare. 

PlazLO-Coxicaye. 

Concavo-Convex. 

Meniscus. 
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THE    ACTIOK    OF    LEK8ES. 

Different  Forms  of  Lemes — General  Properties  of  Covwex  Lenses — Creneral 
^Properties  of  Convwoe  Lenses — Analogy  between  Mirrors  and  Lenses — 
Production  of  Images  by  Lenses — Size  and  Distance  of  Images —  Visual 
Angk — 3Iagnifying  Effects — Burning  Lenses, 

TEANsrAEENT  media  having  curved  surfaces  are  called  lenses.  They  are 
of  seven  different  kinds,  as  represented  in  Fig.  232.  The  plano-convex  lens, 
3,  has  one  surface  plane  and  the  other  convex ;  the  plano-concave,  5,  has 

one  surface  plane  and  the  other  concave; 
2  is  the  douhle  convex;  4  the  double 
concave  ;  7  the  meniscus ;  1  the  sphere, 
or  globe;  and  6  the  concavo-convex. 

For  optical  uses  lenses  are  cammcmly 
made  of  glass,  but  for  certain  purposes 
other  substances  are  employed.  For  ex- 
ample, rock  crystal  is  often  used  for 
making  specta- 
cle lenses;  it  is  a 
hard  substance, 
and  is  not,  there- 
fore, so  liable  to 
be  scratched  or 
injured  as  glass. 
In  a  lens  the 
point  c  is  called 

the  geometrical  centre,  for  all  lenses  are  ground  to  spherical  surfaces,  azid  c 
is  the  centre  of  their  curvature ;  the  aperture  of  the  lens  is  a  by  and  ^  is  its 
optical  centre ;  fe  is  the  axis,  and  any  ray,  m  n,  which  passes  throu^  the 
optical  centre,  is  called  a  principal  ray. 

The  general  action  of  lenses  of  all  kinds  may  be  understood  afijer  what  has 

been  said  in  relation  to  the  prism,  of  which  it  was  remarked  that  the  refracted 

ray  is  bent  toward  the  back.     Thus,  if  we  have  two  prisms,  a  c  e,hce^ 

placed  back  to  back,  and  allow  parallel  raya  <h 

light,  m  Uf  to  fall  upon  them,  these  rays,  after 

refraction,  being  bent  from  their  parallel  path. 

toward  the  back  of  each  prism,  will  intersect  each. 

other  in  some  point,  as/.,  ^ow,  th^re  is  obviously 

a  strong  analogy  between  the  figure  of  the  doable 

convex  lens,   and  that  of  these    two   prisms; 

indeed,  the  former  might  be  regarded  as  a  series 

of  prisms  with  curved  surfaces,  and  from  such 

consideration  it  is  clear,  that  when  [parallel  rays 

fall  on  a  convex  lens,  they  will  converge  to  a  focal  point. 

Again,  let  us  suppose  that  a  pair  of  prisms  be  placed  edge  to  edge,  as 
shown  in  Fig.  235,  and  that  parallel  rays,  m  w,  are  incident  upon  them. 
These  rays  undergo  refraction,  as  before,  toward  the  back  of  their  respective 
prisms,  o  c,  d  e,  and  therefore  emerge  divergent,  as  at/  and  g.    Now,  there 
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is  an  analogy  between  such  a  combination  of  prisms  and  a  concaye  lens,  and 
we  therefore  see  that  the  general  action  of  such  a  lens  upon  parallel  rays 
is  to  make  them  divergent. 

By  the  aid  of  the  law  of  refraction  it 
may  be  proved  that  lenses  possess  the  fol- 
lowing properties : — 

Every  principal  ray  which  falls  upon  6. 
oonvex  lens  of  limitea  thickness  is  tirans- 
mitted  without  change  of  direction.  _ 

Bays  parallel  to  Qie  axis  of  a  double  >*'' 
equi-convex  glass  lens  are  brought  to  a 
focus  at  a  distance  from  the  optical  centre  ^i&-  235; 

equal  to  the  radius  of  curvature  of  the  lens.  But  if  it  be  a  plano-convex 
glasB,  the  focal  distance  is  twice  as  great.  The  focus  for  parallel  rays  is 
called  the  principal  focus. 

Bays  diverging  from  the  principal  focus  of  a  convex  lens  after  refraction 
beoome  parallel. 

Bays  diverging  from  a  point  in  the  axis  more  distant  than  the  principal 
£oeas  converge  after  refraction,  their  point  of  convergence  being  nearer  the 
lens  as  tke  point  from  which  they  radiated  was  more  distant. 

Bays  coming  from  a  point  in  the  axis  nearer  than  the  principal  foons 
diyei]ge  after  refraction. 

With  respect  to  concave  lenses,  the  chief  properties  may  be  described  as 
follow : — 

Every  principal  ray  passes  without  change  of  direction. 

Bays  parallel  to  the  axis  are  made  divergent.  Thus  m  n.  Fig.  236,  being 
parallel  rays  falling  on  the  double  con- 
cave, a  h,  diverge  after  refraction  in 
liie  directions  g  ^'t  ^^^  ^  ^^J  ^^ 
produced,  give  rise  to  a  virtual  or  una- 
giiuKry  focus  at/. 

By  eoncave  lenses  diverging  rays 
watt  made  still  more  divergent. 

When  tiie  effects  of  lenses  are  com- 
pared with  those  of  mirrors,  it  will  be 
loiind  tiiat  tiiere  is  an  analogy  in  the 
aetieai  of  eencave  mirrors  ana  convex 
lenses,  and  of  convex  mirrors  and  concave  lenses. 

It  liafi  already  been  remarked  that  concave  mirrors  give  images  of  external 
objects  in  their  focus.  The  same  holds  good  for  convex  lenses.  Thus,  if 
we  take  a  convex  lens,  and  place  behind  it,  at  the  proper  distance,  a  paper 
»cen,  we  shall  &d  upon  that  screen  beautiful  images  of  all  the  objects  in 
front  of  the  lens  in  an  inverted  position.    The  manner  in  which  they  form 

may  be  understood  from  Fig. 
237.  Where  L/  L  is  a  double 
convex  lens,  M  N  any  object, 
as  an  arrow,  in  front  of  iL 
thQ  lens  win  give  an  inverted 
image,  n  m,  of  the  object  at  a 
proper  distance  behind.  From 
the  point  M  all  the  raya^  «& 


Fig.  236. 
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M  L,  M  C,  M  L',  after  refraction,  will  convei^e  to  a  focus,  m  ;  and  from 
the  point  N  all  rays,  as  N  L,  N  C,  N  L',  will  likewise  converge  to  a  focus,  n ; 
and  so,  for  every  intermediate  point  between  M  and  N,  intermediate  foci 
will  form  between  m  and  n,  and  therefore  conjointly  give  rise  to  an  inverted 
ima^e. 

The  images  thus  given  by  lenses  or  mirrors  may  be  made  visible  by  being 
received  on  white  screens,  or  on  siAoke  rising  from  a  combustible  body,  or 
directly  by  the  eye  placed  in  a  proper  position  to  receive  the  rays.  They 
then  appear  as  if  suspended  in  the  air,  and  are  spoken  of  as  aerial  images. 

The  distance  of  such  images  from  a  lens,  and  also  their  magnitude,  vary 
with  circumstances.  « 

If  the  object  be  very  remote,  it  gives  a  minute  image  in  the  focus  of 
the  lens ;  as  it  is  brought  nearer,  the  image  recedes  further,  and  becomes 
larger ;  when  it  is  at  a  distance  equal  to  twice  the  focal  distance,  the  image 
is  equidistant  from  the  lens  on  the  opposite  side,  and  is  of  the  same  size  as 
the  object.  As  the  object  approaches  still  nearer,  the  image  reqedes,  and 
now  becomes  larger  than  the  object.  When  it  reaches  the  k)cus,  the  image 
is  at  an  infinite  distance,  the  refracted  rays  being  parallel  to  one  another. 
And,  lastly,  when  the  object  comes  between  the  focus  and  the  surface  of  the 
lens,  an  erect  and  magnilied. image  of  the  object  will  appear  on  the  same 
side  of  the  lens  as  the  object  itself.  Hence  convex  glasses  are  called  magni- 
fying-glasses.* 

From  these  considerations  it  therefore  appears  that  the  magnifying  powe^ 
of  lenses  is  not,  as  is  often  popularly  supposed,  due  to  the  pecufiar  nature 
of  the  glass  of  which  they  are  made,  but  to  the  figure  of  their  surfaces. 
The  dimensions  of  all  objects  depend  on  the  angles  under  which  they  are 
seen.  A  coin  at  a  distance  of  100  jrards  appears  of  a  very  small  size ;  but 
as  it  is  brought  nearer  the  eye,  its  size  increases,  and  when  only  a  few  inches 
I  v^  off,  it  can  obstruct  the  view 

of  large  objects.  Thus,  if  A 
represents  its  size  at  a  remote 
distance,  the  angle  D  E  F,  or 
the  visual  angle,  is  the  angle 
under  which  it  is  seen ;  when 
brought  nearer,  at  B,  the 
angle  is  Gr  E  H ;  and  at  C 
increases  to  I  E  K.  In  all  cases  the  apparent  size  of  aii  object  increases  as 
the  visual  angle  increases,  and  all  objects  become  smaller  as  their  distances 
increase ;  and  anv  optical  contrivances,  either  of  lenses  or  mirrors,  which, 
can  alter  the  angle  at  which  rays  enter  the  eye,  and  make  it  larger  than  it 
would  otherwise  be,  magnify  the  objects  seen  through  them. 

On  these  principles  concave  mirrors  and  convex  lenses  magnify,  and  con- 
vex mirrors  and  concave  lenses  minify. 

♦  The  recent  researches  of  Mr.  Layard,  at  Nineveh,  tend  to  prove  the  antiquity  of 
magnifying-^laases.  He  discovered  one  possessing  this  property  in  one  of  the  temples ; 
and  Sir  David  Brewster,  who  has  inspected  it,  pronounces  ttiat  it-is  a  decided  and  de- 
mgned  magnifying-glass.  The  opinion  of  the  philosopher  confirms  the  previous  suppo- 
sition of  Mr.  Lavard  and  various  students,  that  the  cuneiform  and  many  other  inscrip- 
tions, and  also  the  smaller  sculptures,  which  are  so  minute  as  to  be  almost  unintelligible 
without  a  magnifying-glass,  could  only  have  been  executed  by  the  aid  of  powerful 
xnagnifjrmg-glasses.  '^ 
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Prom  their  property  of  converging  parallel  rays  to  a  focus,  convex  lenses 
and  concave  mirrors  have  an  interesting  application,  being  used  for  the 
production  of  high  temperatures, 
by  converging  the  rays  of  the 
sun.  Our  illustration  represents 
such  a  burning-glass.  The  paral- 
lel rays  of  the  sun  falling  on  it 
are  made  to  converge,  and  this 
convergence  may  be  increased  by 
a  second  smaller  lens.  At  the 
focal  point  any  small  object  being 
exposed,  its  temperature  is  in- 
stantly raised.  In  such  a  focus 
there  are  few  substances  that  can 
withstand  the  heat — ^brick,  slate, 
and  other  such  earthy  matters 
instantly  boil ;  metals  melt,  and  Fig.  239. 

even  volatilize  away.  During  the  last  century  some  French  chemists,  using 
one  of  these  instruments,  found  that  when  a  piece  of  silver  was  held  over 
gold  fused  at  the  focus,  it  became  gilded  over  by  the  vapour  that  rose  from 
Qie  melted  mass ;  and  in  the  same  way  gold  could  be  whitened  by  the 
vapours  of  melted  silver.  The  heat  attained  in  this  way  far  exceeds  that  of 
the  best  constructed  furnace. 


CHAPTER   XXXIX. 


OF  COLOUBED  LIGHT. 

Action  of  the  Frism — Mefr action  and  Dispersion — The  Solar  Spectrum — 
Its  Constituent  Rays — They  pre-exist  in  White  Light — Theory  of  the 
Different  Hefrangibility  <^  the  Hays  of  Light — Differerit  Dispersive 
Powers — Irrationality  of  Dispersion — Illuminating  Effects — The  Fixed 
Dines — Calorific  Effects — Chemical  Effects, 

In  speaking  of  the  action  of  a  prism  in  Chapter  XXXVII.,  it  was 
observed  that  it  gives  rise  to  many  interesting  results  connected  with 
coloured  lights.  These,  which  constitute  one  of  the  most  splendid  dis- 
coveries of  l^^ewton,  I  next  proceed  to  explain. 

Through  an  aperture,  a,  Fi^.  240,  in  the  shutter  of  a  dark  room  let  a 
~  beam  of  light,  a  c,  enter,  and  let  it  be  intercepted  at 

some  part  of  its  course  by  a  glass  prism,  seen  endwise, 
h  c.  The  light  will  undergo  rejfraction,  and  in  conse- 
quence of  what  has  been  already  stated,  will  pass  in  a 
direction,  d,  toward  the  back  of  the  prism.  Now, 
for  anything  that  has  yet  been  said,  it  might  appear 
that  this  refracted  ray,  on  reaching  the  screen,  dcy 
would  form  upon  it  a  white  spot  similar  to  that  which 
it  would  have  given  at  c,  had  not  the  prism  intervened* 
But  when  the  experiment  is  made,  instead  of  the  light 
going  as  a  single  pencil  of  uniform  width,  it  a^i:^^A& 


*4 


Eg,  240. 
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out  into  a  fan  slia^,  as  is  indicated  by  the  dotted  lines,  and  forms  on  the 
screen  an  oblong  image  of  the  most  splendid  colours.  In  this  bcautifal 
result,  two  facts,  which  are  wholly  distinct,  must  be  remarked : — Ist,  the 
light  is  refracted  or  bent  out  of  its  rectilhiear  path ;  2nd,  it  is  dispersed  into 
an  oblong  coloured  figure. 

On  examining  this  figure  or  image,  which  passes  under  the  name  of  the 
solar  spectrum,  we  find  it  divided  into  seven  well-marked  regions. 
Its  lowest  portion,  that  is  to  say,  the  part  nearest  to  that  to  whidh 
the  light  would  have  gone  had  not  the  prism  intervened,  is  of  a 
red  colour,  the  most  distant  is  of  a  violet,  and  between  these  other 
colours  may  be  seen  occurring  in  the  following  order :  red,  oiange, 
yellow,  green,  blue,  indigo,  violet.  / 

In  Fig.  241  the  order  in  which  they  occur  is  indicated  by 
their  initial  letters,  e  being  the  -point  to  which  the  light  woidd 
have  p)ne  had   not  the 

-■•     1 
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prism  intervened. 

Now,  from  what  source 
do  these  splendid  colours 
come  ?  Newton  proved 
that  they  pre-existed  in 
the  white  light,  which, 
in  reality,  is  made  up  of 


Fig.  242. 

them  all  taken  in  proper  proportions. 

There  are  many  ways  in  which  this  important  truth  can  be  established. 
Thus,  if  we  take  a  second  prism,  B  B'  6',  Fig.  242,  and  put  it  in  an  inverted 
position  as  respects  the  first,  A  A' S,  so  that  it  shall  refract  affain  in  the 
opposite  direction  in  the  rays  refracted  by  the  first,  they  will,  after  Hds 
second  refraction,  reunite  and  form  a  uniform  beam,  M,  of  white  light,  in 
aU  respects  like  the  original  beam  itself. 

If  the  production  of  colour  were  due  to  any  irregular  action  of  the  faoep  of 
the  first  prism,  the  introduction  of  two  more  faces  m  the  second  prism  woidd 
only  tena  to  increase  the  coloration.  But  so  far  from  this,  no  sooner  is  this 
second  prism  introduced  than  tiie  rays  reunite  and  recompose  white  light. 
It  follows  as  an  inevitable  conse^^uence  that  white  light  contains  aU  the  seven 
rays. 

But  Newton  was  not  satisfied  with  this.  He  farther  collected  the  prismatic 
•coloured  rays  together  into  one  focus  by  means  of  a  lens,  and  found  that 
they  produced  a  spot  of  dazzling  whiteness.  And  when  he  took  seven  pow- 
ders of  colours  corresponding  with  the  iHusmatic  rays,  and  ground  them 
intimately  together  in  a  mortar,  he  found  that  the  resulting  powder  Imd  a 
whitish  aspect ;  or  if,  on  the  suiface  of  a  wheel  which  could  be  made  to  spin 
round  very  fast  on  its  axis,  coloured  spaces  were  painted,  when  the  wheel 
was  made  to  turn  so  t^t  the  eye  could  no  longer  distinguish  the  separate 
tints,  the  whole  assumed  a  whitish-gray  appearance. 

By  many  experiments  Newton  proved  that  the  true  cause  of  this  devdop- 
ment  of  brilliant  colours  from  a  ray  of  white  light  by  the  prism  is  due  to 
the  fact  that  that  instrument  does  not  refract  all  the  colours  alike.  Thjos  it 
.oould  be  eompletely  shown,  in  the  case  of  any  transparent  medium,  that  the 
triolet  ray  was  far  more  refccmgible  than  the  red,  or  more  disturbed  by  subh 
a  medium  from  its  course.  In  this  originated  thejdoctrine  of  tl^e  different 
jpefrangibility  of  the  rays  of  light." 
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On  examining  tlie  order  of  colours  in  the  spectrum,  we  find,  in  reality,  aa 
in  Fig.  241,  that  the  red  is  least  disturbed  from  its  course,  and  the  other 
colours  follow  in  a  fixed  order.  The  red,  therefore,  is  spoken  of  as  the  least 
refrangible  ray,  the  violet  as  the  most,  and  the  other  colours  as  interme- 
diately refrangible. 

"We  now  see  the  cause  of  the  development  of  these  colours  from  white 
light,  which  contains  them  all.  If  the  prism  acted  on  every  ray  alike,  it 
would  merely  produce  a  white  spot  at  d,  analogous  to  that  at  e,  Fig.  241 ; 
but  as  it  acts  unequally,  it  separates  the  coloured  rays  from  one  another,  and 
gives  rise  to  the  spectrum. 

On  examining  prisms  of  different  transparent  media,  we  find  that  they 
act  very  differently — some  dispersing  the  rays  far  more  powerfully  than 
others,  and  giving  rise,  under  the  same  circumstances,  to  spectra  of  very 
different  lengths.  In  the  treatises  on  optics,  tables  of  the  dispersive  powers 
of  different  transparent  bodies  are  given ;  thus  it  appears  that  oil  of  cassia 
is  more  dispersive  than  rock-salt,  rock-  salt  more  than  water,  and 
water  more  than  fluor  spar. 

Moreover,  in  many  instances,  it  has  been  found  that  if  we  use 
different  prisms  which  give  spectra  of  equal  lengths,  the  coloured 
spaces  are  unequally  spread  out.  This  shows  that  media  differ  in 
!  their  refracting  action  upon  particular  ravs,  some  acting  upon  one 
colour  more  powerfully  than  another.  Tnis  is  called  irrationality 
of  dispersion. 

The  different  coloured  rays  of  light  are  not  equally  luminous — 
that  is  to  say,  do  not  impress  our  eyes  with  an  equal  brilliancy. 
If  a  piece  of  finely-printed  paper  be  placed  in  the  spectrum,  we 
can  read  the  letters  at  a  mucn  greater  distance  in  the  yellow  than 
in  the  other  regions,  and  from  this  the  light  declines  on  either 
hand,  and  gradually  fades  away  in  the  violet  and  the  red. 

It  has  also  been  found  that  the  colours  are  not  continuous 
I  throughout,  but  that  when  delicate  means  of  examination  are 
I  resorted  to,  the  spectrum  is  seen  to  be  crossed  with  many  hundreds 
of  dark  lines,  irregularly  scattered  through  it.  A  representation 
Fig,  243.  of  some  of  the  larger  of  these  is  given  in  Fig.  243.  It  is  curious 
that  though  they  exist  in  the  sun-light,  and  in  that  of  the  planets, 
they  are  not  found  in  the  spectra  of  ordinary  artificial  lights ;  and,  indeed, 
the  electric  spark  gives  a  light  which  is  crossed  by  brilliant  lines  instead  of 
black  ones.  The  chief  fixed  lines  are  designated  by  the  letters  of  the 
alj^abet,  as  shown  in  the  figure. 

The  light  of  the  sun  is  accompanied  by  heat.  Dr.  Herschel  found  that 
the  different  coloured  prismatic  spaces  possess  very  different  power  over  the 
thermometer.  The  heat  is  least  in  the  violet,  and  continuaUy  increases  as 
we  descend  through  the  colours,  the  red  being  the  hottest  of  them  all.  But 
below  this,  and  out  of  the  spectrum,  when  there  is  no  light  at  all,  the 
TOft-Hnmnn  of  heat  is  found.  The  heat  of  the  sunbeam  is  therefore 
refrangible,  but  is  less  refrangible  than  the  red  ray  of  light. 

Late  discoveries  have  shown  that  every  ray  oi  light  can  produce  specific 
ehanges  in  compound  bodies.  Thus  it  is  the  yellow  ray  which  controls  thd 
growth  oi  plants,  and  makes  the  leaves  turn  green ;  the  blue  ray  which 
brings  about  a  peculiar  decomposition  of  the  iodides  and  chlorides  of  silver, 
bodies  which  are  used  in  photogenic  drawing.    Those  sub8taii<(^^^  ^\cl<^ 
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phosphoresce  after  exposure  to  the  sun  are  differently  affected  by  the 
different  rays — ^the  more  refrangible  producing  their  glow,  and  the  less 
extinguishing  them. 


CHAPTER  XL. 


OF  COLOUEED  LIGHT. 

Properties  of  Homogeneous  Light — Formation  of  Compound  Colours — Chro- 
matic Aberration  of  Lenses — Achromatic  Prism — Achromatic  Lens — Im- 
perfect Achromaticity  from  Irrationality  of  Dispersion — Cau^e  of  the 
Colours  of  Opaque  Objects — Effects  of  monochromatic  Lights — Colours  of 
Transparent  media. 

Each  colour  of  the  prismatic  spectrum  consists  of  homogenous  light.  It 
can  no  longer  be  dispersed  into  other  colours,  or  changed  by  refraction  in 
any  manner.  Thus,  let  a  ray  of 
light,  S,  Fig.  244,  enter  through 
an  aperture,  F,  into  a  dark  room, 
and  be  dispersed  by  the  prism, 
ABC;  through  a  hole,  G,  in  a 
screen,    D    Ej  let  the  resulting 

spectrum  pass,  and  be  received  on  ^iff-  244. 

a  second  screen,  d  c,  placed  some  distance  behind ;  in  this  let  there  be  a 
small  opening,  g,  through  which  oue  of  the  coloured  rays  of  the  spectrum, 
formed  by  ABC,  may  pass  and  be  received  on  a  second  prism,  ab  c;  it 
will  undergo  refraction,  and  pass  to  the  position  M  on  the  screen,  K"  M.  But 
it  wiU  not  be  dispersed,  nor  will  new  colours  arise  from  it ;  and  it  is  imma- 
terial which  particular  ray  is  made  to  pass  the  opening  at  g,  the  same  result 
is  uniformly  obtained. 

Homogeneous  or  monochromatic  colours,  therefore,   cannot  suffer  dis- 
persion. 

By  the  aid  of  the  instrument,  Fig.  245,  which  consists  of  a  series  of  little 

plane    mirrors     set    upon    a 


Fig  245. 


frame,  we  can  demonstrate, 
in  a  very  striking  manner,  the 
constitution  of  Afferent  kuids 
of  lights ;  for  if  this  instru- 
ment be  placed  in  such  a 
manner  as  to  receive  the  pris- 
matic spectrum,  by  turning  its  mirrors  in  a  suitable  position,  we  can  tnrow 
the  rays  they  receive  at  pleasure  on  a  screen.  Thus,  if  we  mix  together  the 
red  and  blue  ray,  a  purple  results ;  if  the  red  and  yellow,  an  orange ;  and  if 
the  yellow  and  blue,  a  green.  It  is  obvious,  therefore,  that  of  the  colours 
we  nave  enumerated  in  Chapter  XXXIX.  as  the  seven  prismatic  rays,  the 
green,  the  indigo,  and  violet  may  be  compoimd,  or  secondary  ones,  arising 
from  the  intermixture  of  red,  yellow,  and  blue,  which  by  many  philosophers 
are  looked  upon  as  the  three  primitive  colours. 
We  have  already  remarkea  that  there  is  an  analogy  between  prisms  and 
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lenses  in  tlieir  action  on  the  rays  of  light,  and  have  shown  how  rays  become 
converging  or  diverging  in  their  passage  through  those  transparent  solids. 
In  the  same  manner  it  also  follows,  that  as  prisms  produce  dispersion  as  well 
as  refraction,  so,  too,  must  lenses ;  for,  by  considering  the  action  of  pairs  of 

prisms,  as  in  Fig.  246,  or  as  we  have  already  done  in 

1^^^.     Chapter  XXXYIIL,  we  arrive  at  the  action  of  concave 

^^m        ^^^  cpnvex  lenses,  and  find  that  as  refrangibility  differs 

^m        for  different  rays — being  least  for  the  red,  and  most  for 

H[        the  violet — a  lens  acting  unequally  will  cause  objects  to 

^B       be  seen  through  it  fringed  with  prismatic  colours.    This 

^^^      phefnomenon  passes  under  the  title  of  chromatic  aberra- 

j^^^    tion  of  lenses. 

To  tmderstand  more  clearly  the  nature  of  this,  let 
Fig.  246.  parallel  rays  of  red  light  fall  upon  a  plano-convex  lens, 
A  B,  Fig.  247,  and  be  converged  by  it  to  a  focus  in  the  point  r,  the  distance 
of  which  from  the  lens  is  measured.  Then  let  parallel  rays  of  violet  light, 
in  like  manner,  fall  on  the  lens, 
and  be  converged  by  it  to  a  focus, 
V.  On  being  measured  it  wQl  be 
found  that  this  focus  is  much 
nearer  the  lens  than  the  other ; 
and  the  cause  of  it  is  plainlj  due 
to  the  imequal  refrangibility  of 
the  two  kinds  of  light.  The  violet 
is  the  more  refrangible,  and  is,  therefore,  more  powerfully  acted  on  by  the 
lens,  and  made  to  converge  more  rapidly. 

But  this  which  we  have  been  tracing  in  the  case  of  homogeneous  rays 
must  of  course  take  place  in  the  compound  white  light.  On  the  same 
principle  that  the  prism  separates  the  white  light  into  its  constituent  rays  by 
actiiig  unequally  on  them,  so,  too,,  will  the  lens.  Parallel  rays  of  white 
light  falling  on  a  lens,  such  as  Fig.  247,  are  not,  therefore,  converged  to  one 
common  focus,  as  represented  in  Chapter  XXXVIII.,,  but  in  reality  give  rise 
to  a  series  of  foci  of  different  colours,  the  red  being  the  most  remote  from  the 
lens,  and  the  violet  nearest. 

In  some  of  the  most  important  optical  instruments  it  is  absolutely  neces- 
sary that  this  defect  should  be  avoided,  and  that  a  method  should  be  hit 
Xn  by  which  light  may  be  refracted  without  being  dispersed.  Newton, 
>  believed  that  it  was  impossible  to  succeed  with  this,  gave  up  the  im- 
provement of  the  refracting  telescope,  in  which  it  is  required  that  images 
should  be  formed  without  chromatic  dispersion,  as  hopeless.  But,  subse- 
Groently,  it  was  shown  that  refraction  without  dispersion  can  be  effected. 
Tbla  is  done  by  employing  two  bodies  having  equal  refractive,  but  imequal 
dispersive  powers.  Tfliose  which  are  commojily  selected  are  crown  and  flint 
glass,  which  refract  nearly  equally;  the  index  for  crown  being  about  1*53, 
and  that  of  flint  1*60 ;  but  the  dispersion  of  good  flint  glass  is  twice  that  of 
crown. 

If,  now,  we  take  two  prisms,  ABC,  Fig.  248,  being  of  crown,  and  A  C  D 
of  flint  glass,  and  place  Ihem  with  their  bases  in  opposite  ways,  the 
refracting  angle,  C,  of  the  latter  being  half  that  of  A,  the  former,  or,  in 
other  words,  adjusted  to  their  relative  dispersive  powers,  it  will  be  found 
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that  a  ray  of  light  passes  through  the  compound  prism,  undergoing  refrac- 
tion, and  emerging  without  dispersion ;  for  the  incident  ray,  in  its  passage 
through  the  crown  prism,  will  be  dispersed  into  the  coloured  rays,  and 
these,  falling  on  the  flint  prism — the  dispersive 
power  of  which  we  assume  to  be  double,  and  acting 
in  the  opposite  direction — will  be  refracted  in  the  op- 
posite direction,  and  emerge  imdisjersed.  Such  an 
instrument  is  called  an  achromatic  prism. 

The  same  principle  can,  of  course,  be  used  in  the 
construction  of  lenses,  between  which  and  prisms  there 
is  that  general  analogy   heretofore  spoken  of.     The 
Fig.  248.  achromatic  lens  consists  of  a  concave  lens  of  flint  and  a 

convex  one  of  crown,  the  curvatures  of  each  being  adjusted  on  the  same  piinciple 
as  the  angles  of  the  achromatic  prism  are  determined.  Such  an  arrangement  is 
represented  in  Fig.  249.  It  gives  in  its  focus  the  iniages  of  objects  in  their 
natural  colours,  and  nearly  devoid  of  fringes.  But,  in  practice, 
it  has  been  found  impossible,  by  any  such  arrangement,  to  effect 
the  total  destruction  of  colour.  The  edges  of  luminous  bodies 
seen  through  such  lenses  are  fringed  with  colour  to  a  slight 
extent.  This  arises  from  the  circumstance  that  the  dispersive 
powers  of  the  media  employed  are  not  the  same  for  every 
coloured  ray.  The  simple  acnromatic  lens,  Fig.  249,  will  col- 
lect the  extreme  rays  together,  but  leaves  the  intermediate 
ones,  to  a  small  extent,  outetanding. 

The  theory  of  the  compound  constitution  of  light  enables  us 
to  account,  in  a  clear  manner,  for  the  colours  of  natural  objects.  ^fi»'  249. 
Those  which  exhibit  themselves  to  us  as  white  merely  reflect  back  to  the  eye 
the  white  light  which  faUs  on  them,  and  the  black  ones  alxtorb  all  toe 
incident  rays.  The  general  reason  of  coloration  is,  therefore,  the  absorp- 
tion of  one  or  other  tint,  and  the  reflection  of  the  rest  of  the  spectral  ooloura. 
Thus  an  object  looks  blue  because  it  reflects  the  blue  rays  more  copioualy 
than  any  others,  absorbing  the  greater  part  of  the  rest.  And  the  same 
explanation  applies  to  red  or  yellow,  and,  indeed,  to  any  compound  colouri^ 
such  as  orange,  green,  &c.  That  coloured  bodies  do,  in  this  way,  reflect  one 
class  of  rays  more  copiously  than  others,  may  be  proved  by  placing  them  in 
the  spectrum.  Thus«  a  red  wafer  seems  of  a  dusky  tint  in  the  blue  or  viokt 
regions,  but  of  a  brilliant  red  in  the  red  rays. 

On  the  same  principles  we  account  for  the  singular  results  which  arige 
when  monochromatic  fights  fall  on  surfaces  of  any  kind.  Thus,  when  cqpiritB 
of  wine  is  mixed  with  salt  in  a  plate,  and  set  on  Are,  the  flame  is  monoduro- 
matic  yeUow — that  is,  a  yellow  unaccompanied  by  any  other  ray.  If  tibe 
variously  coloured  objects  in  a  room  are  illuminated  with  such  a  light,  they 
assume  an  extraordinary  appearance :  the  human  countenance,  for  exaBOfpIe, 
taking  on  a  ghastly  and  deathlike  aspect ;  the  red  of  the  lips  and  cheeks  k 
no  longer  red,  for  no  red  Hght  falls  on  it ;  it  thearefore  assumes  a  grayiali 
tint. 

The  colours  of  transparent  bodies,  such  as  stained  glass  and  coloured  sta- 
tions, arise  from  the  absorption  of  one  class  of  rays,  and  the  transmission  of 
the  rest.  Thus  there  are  red  glasses  and  red  solutions  whidb.  permit  ike 
red  ray  alone  to  traverse  Ihem^  and  totally  extingoisii  every  other.    But,  in 
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moat  cases,  the  colours  of  traasparent,  and  aJso  of  opaqae  bodies,  are  far 
from  being  monochroniatic.  They  consist,  in  reality,  of  a  great  number  of 
different  rays.  Thus  the  common  blue-stained  glass  transmits  almost  all 
the  blue  light  that  fails  upon  i%  and,  in  addition,  a  little  yellow  and  red. 


CHAPTER  XLI. 

TTin)XJLAT05T  THEOHY  OP  LIGHT. 


Hiao  Theories  of  Light — Applications  of  the  Corpuscular  Theory — Undula- 
tory  Theory — Length  of  Waves  is  the  cause  of  Colour — Determination  of 
the  Periods  of  Vibration — Interference  of  Light — Explanations  of  Newton  s 
Rings,  and  Colours  of  thin  Plates — Diffraction  of  Light, 

It  has  been  stated  that  there  are  two  different  theories  respecting  the 
nature  of  light — ^the  corpuscular  and  the  undulatory.  In  accounting  for 
the  facts  in  relation  to  the  production  of  colours,  it  is  assumed  that,  in  the 
former,  there  are  various  particles  of  luminous  matter  answerrag  to  the 
variofiiB  colours  of  the  rays,  and  which,  either  alone  or  by  their  admixture, 
give  rise  to  the  different  tints  we  see.  In  white  light  they  all  exist,  and 
lae  foparated  from  one  anotlier  by  the  prism,  because  of  an  attractive  force 
which  such  a  transparent  body  exerts;  and  that  attractive  force  being 
vnequal  for  the  different  colour-eiving  particles,  difference  of  refrangibiiity 
vesiutB.  The  colours  of  natural  objects  on  this  theory  are  explained  by 
flopposiiig  that  some  of  the  colour-giving  particles  are  reflected  or  transmittea, 
ancL  others  stifled  or  stopped  by  the  body  on  which  they  fall.  The  pheno- 
mena of  reflection  by  polished  surfaces  are  therefore  reduced  to  the  impact 
^elastic  bodies;  and  in  the  same  way  that  a  ball  is  repelled  from  a  wall 
against  whidbi  it  is  thrown,  so  these  little  particles  are  repelled,  making 
iSmi  angle  of  reflection  equal  to  their  angle  of  incidence.  But  while  there 
Mxe  many  of  tiie  phenomena  of  light,  such  as  reflection,  refraction,  disper- 
maa^  and  ^oration,  which  can  be  accounted  for  on  these  principles,  there 
are  others  which  the  emanation  or  corpuscular  theorv  cannot  meet.  These 
mtOf  however,  explained  in  a  simple  and  beautiful  manner  by  the  other 
iliMHy. 

The  undulatory  theory  rests  upon  the  fact  that  there  exists  throughout 
llie  universe  an  elastic  medium  called  the  ethee,  in  which  vibratory  move- 
nentB  can  be  established  very  much  after  the  manner  that  sounds  arise  in  the 
«ir.  Whatever,  therefore,  has  been  said  m  Chapter  XXXI.,  &c.,  respecting 
tkeiaechani8it|,and  general  pnnciples  of  undulatory  movements,  applies  here. 
Wavee  in  the  ether  are  reflected,  and  made  to  converge  or  diverge  on 
ike  same  principles  that  analogous  results  take  place  for  waves  upon  water, 
«r  sounds  in  the  air.  It  wul  have  been  observed  already  that  the  re- 
flections of  undulations  from  plane,  spherical,  elliptic,  or  parabolic  surfaces, 
m  giyen  in  Chapter  XXXI.,  are  identically  the  same  as  those  which  we 
huTB  deacahed  tor  light  in  Chapter  XXXVL 

froBi  the  j^benomeiia  of  sound  we  can  draw  analogies  which  illastrate^ 
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in  a  beautifal  manner,  tlie  phenomena  of  light ;  for,  as  the  diflferent  notes 
of  tiie  gamut  arise  from  unaulations  of  greater  or  less  frequency,  so  do  ttie 
colours  of  light  arise  from  similar  modifioations  in  the  yibrations  of  the 
ether.  Those  vibrations  that  are  most  rapid  impress  our  eyes  with  the 
sensation  of  violet,  and  those  that  are  slower  with  the  sensation  of  red. 
The  different  colours  of  light  are,  therefore,  analogous  to  the  different  notes 
of  sound. 

In  Chapter  XXXTT.  it  was  shown  how  the  frequency  of  vibration,  which 
could  give  rise  to  any  musical  note,  might  be  determined,  and  it  appeared  that 
the  ear  could  detect  vibrations,  as  sound  through  a  range  commencing  with 
15,  and  reaching  as  far  as  48,000|in  a  second.  The  frequency  of  vibration 
in  the  ether  required  for  th^  production  of  any  colour  has  also  been  deter- 
mined, and  the  lengths  of  the  waves  correspondiofi^.  l^e  following  tabla 
gives  these  results.  The  inch  beiiM^  supposed  to  be  divided  into  ten  mil- 
Eons  of  equal  parts,  of  those  parts  the  wave  lengths  are : — 

ForEed       Hght 256 


Orange 

Tellow 

Green 

Blue 

Indigo 

Violet 


240 
227 
211 
196 
185 
174 


More  recent  investigations  have  proved  the  remarkable  fact,  that  the 
length  of  the  most  refrangible  violet  wave  being  taken  as  one,  that  of  the 
least  refrangible  red  will  be  equal  to  two,  and  me  most  brilliant  part  of  the 
yellow  one  and  a  half. 

fciowing  the  length  of  a  wave  in  the  ether  required  for  the  production  of 
any  particular  colour  of  light,  and  the  rate  of  propagation  through  the 
ether,  which  is  195,000  miles  in  a  second,  we  obtain  the  number  of  Vibra- 
tions executed  in  one  second,  by  dividing  the  latter  by  the  former. 

From  this  it  appears  that  if  a  single  second  of  time  be  divided  into  one 
million  of  equal  parts,  a  wave  of  red  light  vibrates  458  millions  of  times  in 
that  short  interval,  and  a  wave  of  violet  light  121  millions  of  times. 

Further,  whatever  has  beeA  said  in  Chapter  XXXI.  in  reference  to  the 
interference  of  waves,  must  necessarily,  on  this  theory,  apply  to  light.  Indeed, 
it  was  the  beautiful  manner  in  which  some  of  the  most  incomprehensible 
facts  in  optics  were  thus  explained  that  has  led  to  its  almost  universal 
adoption  in  modem  times.  That  light  added  to  light  should  produce  dark- 
ness seems  to  be  entirely  beyond  explanation  on  the  corpuscular  theory ; 
but  it  is  as  direct  a  consequence  of  the  undulatory  as  that  sound  added  to . 
sound  may  produce  silence. 

From  a  lucid  point,  p,  Fig.  250,  let  rays  of  light  fall  upon  a  double  prism, 
m  n,  the  angle  of  which,  at  C,  is  very  obtuse.  -From  what  has  bc^n  said 
respecting  the  multiplying-glass  (Chapter  XXXVII.),  it  appears  that  an  eye 
applied  at  a  would  see  the  pointy  double,  asotpl  and  p'\  Between  these 
images  there  is  also  perceived  a  number  of  bright  and  dark  lines  perpen- 
diciuar  to  a  line  joining  pi  and  p".  On  covering  one-half  the  prism  uie  fines 
disappear,  and  only  one  image  is  seen. 

This  alternation  of  light  and  darkness  is  caused  by  ethereal  waves  from 
the  points^/  and  »"  crossing  one  another,  and  giving  rise  to  interferenoe* 
If,  therefore,  wiw  those  points  as  centres,  we  draw  circular  arcs,  0,  1, 
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2,  3,  4,  &c.,  these  may    represent  waves,   the   alternate  lines  between 
them  being  half  waves.    It  will  be  perceived  that  wherever  two  whole  waves 

or  two  half  waves  encounter,  they 
mutually  increase  each  other's  ef- 
fect; but  if  the  intersection  takes 
place  at  points  where  the  vibrations 
are  in  opposite  directions,  inter- 
ference, and  therefore  a  total  ab- 
sence of  light,  results,  as  is  marked 
in  the  figure  by  the  large  dots. 

Wherever,  therefore  rays  of  light 
are  arranged  so  as  to  encounter  one 
another  in  opposite  phases  of  vibra- 
tion, interference  takes  place.  Thus, 
if  we  take  a  convex  lens  of  very  long 
focus,  and  press  it  upon  a  fiat  glassby 


Fig.  250. 


means  of  screws.  Fig.  251,  at  the  point  of  contact,  when  we  inspect  the 
instrument  by  refiected  light,  a  black  spot  will  be  seen,  surrounded  alter- 
nately by  light  and  dark  rings.  These  pass  under  the  name  of  Newton's 
coloured  rings.J  When  the  light  is  homogeneous  the  dark  rings  are  black, 
and  the  coloured  ones  of  the  tint  which  is  employed ;  but  when  it  is  common 
white  light  the  central  black  spot  is  surrounded  by  a  series  of  colours. 
Wlidn  the  instrument  is  inspected  by  transmitted  lignt,  the  colours  are  all 
complementary,  and  the  central  spot  is  of  course  white.  These  rings  arise 
from  the  intenerence  of  the  rays  refiected  from  the  anterior  and  posterior 

boundaries  between  the  two  glasses.      The  colours  of 

soap-bubbles  and  thin  plates  of 

gypsum  are  referable  to  the  same 

cause. 
By  the  difiraction  of  light  is 

meant  its  deviation  from  the  rec-    /  ej 

tilinear  path,  as  it  passes  by  the  /  e 

edges  of  bodies  or  through  aper- 
Fig.  251.  tures.    It  arises  from  the  circum- 

itanoe  that  when  ethereal,  or,  indeed,  any  kind  of  waves, 
impiiige  on  a  solid  body,  they  give  rise  to  new  undula- 
lions,  originating  at  the  place  of  impact,  and  often  pro- 
ducing interference.  Thus,  if  a  diverging  beam  of  light 
peases  through  an  aperture,  a  ft.  Fig.  252,  in  a  plate  of  metal,  an  eye  placed 
beyond  will  discover  a  series  of  light  and  dark  mnges.  The  cause  or  these 
has  already  been  explained  in  Chapter  XXXI.,  in  which  it  was  shown  that 
from  the  points  a  and  b  new  systems  of  undulations  arise,  which  interfere 
irith  one  another,  and  also  with  the  original  waves. 


dc 


Fig.  252. 
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CHAPTER  XUI. 


•     ,  •OP  POLABIZED  LIGHT. 

FeeuUarity  of  Polarizod  Uffht — Illustrated  by  the  Tourmaline — Polarization 
iy  Reflection — General  Law  of  Polarization — Positions  of  no  Reflection — 
Plane  of  Polarization, 

When  a  ray  of  commoii  liglit  is  allowed  to  fall  on  the  surface  of  a  piece 
of  glass,  it  can  be  equally  reflected  by  tiie  glass  upward,  downward,  or 
laterally. 

If  suob  a  ray  falls  upon  a  glass  plate  at  an  angle  of  dS^*,  and  is  received 
upon  a  second  similar  ^late  at  a  similar  angle,  it  will  be  found  to  have 
obtained  new  properties.  In  some  positions  it  can  be  reflected  as  before ;  in 
others  it  cannot.  On  examination  it  is  discovered  Uiat  these  positions  are 
at  right  angles  to  one  another. 

Again,  if  a  ray  of  light  be  caused  to  pass  through  a 
plate  of  tourmcuine,  c  d^  Fig.  253,  in  the  direction  a  &, 
and  be  received  upon  a  second  plate,  placed  symmetri-  ^ 
caUy  with  the  first,  it  passes  through  both,  without 
d^B^sulty.  But  if  the  second  plate  be  turned  a  quarter 
round,  as  at  ^  A,  the  light  is  totally  cut  off.  ^^»-  2^- 

Considering  these  results,  it  therefore  appears  that  we  can  ImpreBfi  xma  a 
ray  of  light  new  properties  by  certain  processes,  and  that  the  peculiarity 

consists  in  giving  it  different  proper- 
ties on  different  sides.  Such  a  ray, 
therefore,  is  spoken  of  as  a  ray  of  polar- 
ized light.* 

When  light  is  polarized  by  reflection, 
the  effect  is  only  completely  produced  at 
a  certain  angle  of  incidence,  which  there- 
fore passes  under  the  name  of  tibie  angle 
of  maximum  polarization."  It  takes 
place  when  the  reflected   ray  makes, 

*  Dr.  Pareira,  in  his  "  Lectures  on  the  Polarization  of  li^t,"  delivered  bfifoEe  l^e 
Pharmaceutical  Society  of  London,  contrasts  some  of  the  distmguishing  charactenstics 
of  common  and  polarized  light  as  follows : — 


A  EAT  OF  COMMOTf  LIGHT 

1.  Is  capable  of  reflection  at  obliqne 
angles  of  incidence  in  every  position  of 
the  reflector. 

2.  Penetrates  a  plate  of  tourmaline  (cut 
parallel  to  the  axis  of  the  crystal)  in  eyeiy 
position  of  the  plate. 

3.  Penetrates  a  bundle  of  parallel  glass 
plates  in  every  position  of  the  bundle. 

4.  Suffers  double  refraction  by  Iceland 
spar,  in  every  direction,  except  mat  of  the 
axis  of  the  crystal. 


A  BAT  OP  POLAKIZEI)  UGfHT 

1.  Ib  capable  of  reflection  at  oblique 
angles  of  inoidence  in  certain positiem  4nly 
of  the  reflector. 

2.  Penetrates  a  plate  of  tourmalin${ea.t 
parallel  to  the  axis  of  the  crystal)  in  cer- 
talin  positions  of  the  plate,  but  in  others  is 
wholly  intercepted. 

3.  Penetrates  a  bundle  of  parallel  glass 
plates  in  certain  positions  of  the  bundle. 

4.  Does  not  suffer  double  refraction  hy 
Iceland  spar  in  every  direction,  except 
that  of  the  axis  of  the  crystal.    lu  certam 


positions  it  suffers  single  refraction  only. 
A  reference  to  the  second  column  will  at  once  explain  the  question,  <*  What  is  polariesd 
light?**— Ed, 
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With  the  refracted  ray,  an  angle  of  90."*  Thus,  let  A  B;  Fig.  254,  he  a  jiate 
of  glass,  o  ft  an  incident  ray,  which,  at  ft,  is  partly  reflected  along  ft  cTand. 
portly  refracted  along  ft  e,  emerging  therefrom  at  e  d^  Now  TnATiTnTi»a  polar- 
isation ensnes  when  e  ft  «  is  a  ri^ht  angle,  from  wSioh  it  follows  that  the 
polarizing  power  is  connected  with  the  refraetiTe^  the  kw  heing  tlM^t 
*^the  index  of  refraction  is  the  tangent  of  the  angle  of  polarizati^^ 

Let  A  B,  Fig.  255,  he  a  plate  of 
glasB,  on  which  a  ray  of  light,  a  ft,  falls, 
and  affcer  polarization  is  reflected  along 
ft  e ;  at  c  let  it  he  receiyed  on  a  second 
plasle,  C  B,  similar  to  the  former,  and 
oupabkc  of  leTolying  on  c  ft,  as  it  were 
OD  an  axis.  Let  ns  now  examine  in 
what  positions  of  this  plate  the  pelar- 
ized  ray,  ft  c,  can  he  reflected,  and  in  _,.     .__ 

iriiatitcanni>t.  ^^»- 255. 

Experiment  at  once  shows  that  when  the  plane  of  reflection  of  the  first 
mirror  coincides  with  the  plane  of  reflection  of  the  second,  the  polarized  ray 

undergoes  reflection;  hvt  if  they  are 
at  right  angles  to  one  another,  it  is  no 
longer  reflected.  To  make  this  deaf,, 
let  a  ft.  Fig.  256,  he  the  firstmrrror, 
and  ce/  the  second,  so  arranged  as  to 
present  their  edges,  as  seen  depicted 
on  this  page.  Again,  let «  /  be  the 
first,  ana  g  h  the  second,  now  turned 
half-way  round,  but  still  presenting 
its  edge  ;  in  both  those  positions,  the 
planes  of  incidence  and  reflection  of 
^__^  both  the  mirrors  coinciding,  the  ray 
\  \l  polarized  by  a  ft  or  e  f  wiU  be  re- 
flected. But  if,  as  in  t  k,  the  second 
mirror,  /,  is  turned  so  as  to  present 
its  face,  or,  as  in  m  w,  it  is  turned 
f^o  at  0,  so  as  to  present  its  back,  in  these 
cases,  the  planes  of  incidence  and  re- 
flection of  the  two  mirrors  being  at 
Fig.  256.  right  angles,  the  polarized  ray  can 

no  longer  be  reflected.  "We  have,  therefore,  two  positions  in  which  re- 
flection is  possible,  and  two  in  which  it  is  impossible,  and  these  are  at 
right  angles  to  one  another.  By  the  platie  of  polarization  we  mean  the 
^&ne  in  which  the  ray  can  be  completely  reflected  from  the  second  mirror. 

When  a  ray  of  light  falls  on  the  surface  of  a  transparent  medium,  it  is 
divided  into  two  portions,  as  has  already  been  said,  one  of  these  being 
nfleeted,  and  the  other  refracted.  On  examination,  both  these  rays  are 
found  to  be  polarized :  but  they  are  polarized  in  opposite  ways,  or,  rather, 
the  ^lane  of  polarization  of  the  refracted  is  at  right  angles  to  the  plane  of 
polamation  of  the  reflected  ray» 

PoktrtMoiian  fty  J^fraction — Application  of  the  Vndulatory  Theory — The 

Polariscope, 

Iflken  H  is  required  tapc^arize  light  by  refraction,  a  ]^\ift  oi  ^>(etA^^aXfc% 
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of  thin  glass  is  used,  for  polanzation  from  a  single  surface  is  inoom- 
pleteT 

On  tibie  nndulatory  theory  we  can  ^ve  a  very  dear  account  of  all  these  phe- 
nomena. Common  light  originates  in  vibratory  movements  taking  place  in 
the  ether ;  but  it  differs  from  the  vibrations  in  the  air  which  constitute  sound 
in  this  essential  particular — ^that  while  in  the  waves  of  sound  the  movements 
of  the  vibrating  particles  lie  in  the  course  of  the  ray,  in  the  case  of  light 
they  are  transverse  to  it.  This  may  be  made  plain  by  considering  the  wave- 
like motions  into  which  a  cord  mav  be  thrown  by  shaking  it  at  one  end, 
the  movement  being  in  the  up-and-down,  or  in  the  lateral  direction,  while  the 
wave  runs  straight  onward.  The  ethereal  particles,  therefore,  vibrate 
transversely  to  the  course  of  the  ray.  But  then  there  are  an  infinite  number 
of  directions  in  which  these  transverse  vibrations  may  be  made :  a  cord  may 
be  shaken  vertically  or  laterally,  or  in  an  infinite  number  of  intermediate 
angular  positions,  all  of  which  are  transverse  to  its  length. 

Common  light,  therefore,  arises  in  ethereal  vibrations  taking  place  in  every 
possible  direction  transverse  to  the  path  of  the  ray ;  but  in  polarized  light 
the  vibrations  are  all  in  one  plane.  Thus,  in  the  case  of 
tourmaline  J  when  a  ray  passes  through  it  aU  vibrations 
are  taking  place  in  one  direction,  ana  therefore  the  ray 
can  pass  through  a  second  plate  placed  symmetrically 
with  the  first ;  but  if  the  second  De  turned  a  quarter 

round  the  vibrations 
can  no  longer  pass  in 
the  same  way  as    a  Fig*  257. 

sheet  of  paper,  c  d^  Fig.  257,  may  be  slipped 
through  a  gratins,  a  i,  while  its  plane 
coincides  with  the  length  of  the  bars ;  but 
can  no  longer  go  through  when  it  is  turned 
as  at  e/,  a  quarter  round. 

Again,  in  the  case  of  polarization  by 

reflection,  let  AB,  Fig.  258,  be  the  mirror 

on  which  a  ray  of  common  light,  a  b,  falls 

at  the  proper  angle  of  polarization,  and  is 

reflected  in  a  polarized  condition  along 

Fig.  258.  he.     CD  will  be  the  plane  in  whicb  the 

ethereal  particles  vibrate  after  reflec^iion,  and  the  curve  line  drawn  on  it 

may  represent  the  intensities  of  their  vibrations. 

So,  too,  in  Fig.  259,  we  have  an  illustration  of  polarization  by  refraction. 
Let  A  B  be  a  bundle  of  glass  plates,  a  b  the  incident,   and  e  d  me  polarized 

ray ;  the  plane  C  D  at  right  angles  to  the 
plates  is  the  plane  of  polarization,  and  the 
curve  drawn  on  it  represents  the  intensities 
with  which  the  polarized  particles  move. 

In  every  instiice  the  pfiine  of  polarization 
is  perpendicular  to  the  planes  of  reflexion 
and  refraction. 

The  polariscope  is  an  instrument  for  ex- 
hibiting the  pronerties  of  polarized  light. 
There  are  many  different  forms  of  it :  Fig. 
260  represents  one  of  them.  It  consists  of  a 
mirror  of  black  glass,  a,  which  can  be  set  at 
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any  suitable  angle  to  the  brass  tube,  A  B,  by  means  of  a  graduated  arc,  e ; 

it  can  also  be  rotated  on  the  axis  of  the  tube,  ^  A,  and  the  amount  ot  that 

rotation  read  off  on  the  graduated  circle,  J.    At  l^e  other  end  of  the  tube 

there  is  a  second  mirror  of  black  glass,  d^ 
which,  like  a,  can  be  arranged  at  any  re- 
quired angle,  and  likewise  turn  round  on  the 
axis  of  the  brass  tube,  A  B,  the  amount  of  its 
rotation  being  ascertained  by  the  divided 
circle,  c.  Sometimes,  instead  of  this  mirror 
of  black  glass,  a  bundle  of  glass  plates  in  a 
suitable  £rame  is  used.  The  instrument  is 
supported  on  apiUar,  C. 

The  fundamental  property  of  light  polarized 
by  reflection  may  be. exhibited  by  this  instru- 
j,.     260  ment  as  follows : — Set  its  two  mirrors,  a  and «?, 

^^*       *  so  as  to  receive  the  light  which  falls  on  them 

at  an  angle  of  56°.    Then,  when  the  first,  o,  makes  its  reflection  in  a  vertical 

5 lane,  the  light  can  be  reflected  by  e/,  also  in  a  vertical  plane,  upward  or 
ownward.  But  if  c?  be  turned  round  90°,  so  as  to  attempt  to  reflect  the  ray  to 
the  right  or  left  in  a  horizontal  plane,  it  will  be  found  to  be  impossible,  the 
light  beconung  extinct  and  in  intermediate  positions.  As  the  mirror  re- 
Tolves  the  light  is  of  iatermediate  intensity. 


CHAPTER  XLIII. 


ON  DOUBLE  EEFEACTION  AND  THE  PKODUCTION  OF  COLOTTRS  IN 
POLAKIZED  LIGHT. 

Daiible  Refraction  of  Iceland  Spar — Axis  of  the  Crystals — Crystal  with  two 
A.xes — Production  of  Colours  iti  Polarized  Light —  Complementary  Colours 
produced — Colours  depend  on  the  Thickness  of  the  Film — Symmetrical 
Mings  and  Crosses — Colours  produced  hy  Heat  and  Pressure — Circular 
and  Elliptical  Polarization, 

Br  double  refraction  we  mean  a  property  possessed  by  certain  crystals,  such 
as  Iceland  spar,  of  dividing  an  incident  ray  into  two  emergent  ones.    Let 

R  r.  Fig.  261.  be  a  ray  of  light  falling 
on  a  rhomboid  of  Iceland  spar,  AB  0  X, 
in  the  point  r ;  it  will  be  divided  during 
its  passage  through  the  crystals  into 
two  rays,  r  E,  r  0,  the  latter  of  which 
follows  the  ordinary  law  of  refraction, 
and  therefore  takes  the  name  of  the 
ordinary  ray;  the  former  follows  a 
different  law,  and  is  spoken  of  as  the 
extraordinary  ray. 

Objects  through  such  a  crystal  ap- 
pear double.    A  line,  M  N,  on  a  piece 


Fig.  261. 
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of  piqper,  viewed  through  it,  if  exhibited  at  two  Hnct,  M  N,  tn  n,  1^  anoimt 
of  separatioii  depending  on  the  thioknem  of  the  ciyital.  The  emergent  ny  8, 
J&Bf  Oo,  are  parallel  alter  ihej  leave  the  suzfaee,  X. 

A  line  drawn  through  the  crystal  from  one  of  its  obtuse  angles  to  the 
other  i»  called  the  axis  of  tlie  crystal,  and  if  artificial  planes  be  ground  and 
polished^  asn  m,  op^  perpendicular  to  this  axis,  a  by  Fig. 
262,  rays  of  light  ialling  upon  this  axis,  or  parallel  to  it^ 
do  not  undergo  double  refraction. 

Or  if  new  faces,  op^n  m,  Fig.  263,  be  ground  and 
polished  parallel  to  the  axis,  a  6,  a 
ray  falling  in  the  direction  <^/also 
remams  single. 

But  if  the  refracting  faces  are  Fe  262 

neither  at  right  angles  nor  parallel  ^' 

to  the  axis,  double  refraction  always  ensues. 
_       i^  While  Iceland  spar  has  only  one  axis  of  double  re- 

pT    2g3  fraction,  there  are  other  crystals,  such  as  mica,  topaz, 

grpsum,  &c.,  that  have  two.  In  crystals  that  have  but 
one  axis  there  are  dmerences.  In  some  the  extraordinary  ray  is  inclined 
from  the  axi ;  in  others  towards  it,  when  compared  with  the  ordinary  rvf . 
The  former  are  called  negative  crystals,  the  hA^/sr  positive. 

The  explanation  which  the  undulatory  theory  gives  of  this  phenomeBOH  in 
crystals  having  a  principal  axis  is,  that  the  ether  existing  in  the  crystal  is 
not  equally  elastic  in  every  direction.  Undulations  are  therefore  propagated 
unequally,  and  a  division  of  the  ray  takes  place,  those  undulations  which 
move  quickest  having  the  less  index  of  refraction. 

When  the  two  rays  emerging  from  a  rhomb  of  Iceland  spar  are  examined, 
they  are  both  found  to  consist  of  light  totally  polarized,  the  one  being  polar- 
ized at  right  angles  to  the  other.  We  have,  therefore,  several  diflferent  ways 
in  which  light  can  be  polarized — by  reflection,  refraction,  absorption,  and 
double  refraction. 

When  a  crystal  of  Iceland  spar  is  ground  to  a  prismatic  shape,  and  th«Di 
achromatized  by  a  prism  of  glass,  it  forms  one  of  tlie  most  valuable  pieces  of 
polarizing  apparatus  that  we  have.  Such  a  prism  may  be  used  to  very  great 
vantage,  instead  of  the  mirror  of  the  apparatus.  Fig.  260. 

If  a  ray  of  polarized  light  is  passed  through  a  thin  plate  of  certain  crys- 
tallized bodies,  such  as  mica  or  gypsum,  and  the  light  then  viewed  through 
an  achromatic  prism,  or  by  reflection  from  the  second  mirror  of  the  polarizing 
machine,  briUiant  colours  are  at  once 
developed.  Thus,  let  R  A,  Fie.  264, 
be  a  ray  of  light  incident  on  the  first 
mirror  of  the  polariscope,  A  C  the  re- 
sulting polarized  ray,  and  D  E  F  G  be 
a  thin  plate  of  gypsum  or  mica.  If, 
previously  to  the  introduction  of  this  ^8^-  264. 

plate,  the  two  mirrors  A,  and  C,  be  crossed,  or  at  right  angles  to  one  another, 
the  eye  placed  at  E  wiU  perceive  no  light ;  but,  on  the  introduction  of  the 
crystal,  its  surface  appears  to  be  covered  with  brilliant  colours,  which  change 
their  tints  according  as  it  is  inclined,  or  as  the  light  passes  through  thicker 
or  thinner  places.  On  farther  examination  it  will  be  found  that  there  are  two 
Knes,  D  E  and  F  G,  which,  when  either  of  them  is  parallel  or  perpendioukr  to 
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the  plane  of  polarizatioity  BAG,  orACE,iu>  coloiirs  axe  produced.  But 
if  the  plate  be  turned  round  in  its  own  plane  a  single  colour  appears,  whidi 
becomes  most  brilliant  when  either  of  the  lines  ah,  c  df  inclined  46°  to  the 
former  ones,  are  brought  into  the  plane  of  polarization.  The  former  lines 
are  called  the  neutral,  and  the-  latter  the  depolarizing  axes  of  the  film. 

This  is  what  takes  place  so  long  as  we  suppose  the  two  mirrorsy  A  C,  fixed ; 
but  if  we  make  the  mirror  nearest  to  the  eye  revolre  while  the  film  is  ate- 
tionary,  the  phenomena  are  different.  Let  the  frlm  be  of  such  a  thidmess  as 
to  giye  a  red  tint,  and  be  fixed  in  such  a  positicm  as  to  give  its  maximum 
coloration,  and  the  eye-rairr(»  to  revolve,  it  will  be  fouad  that  the  brilliancy 
of  the  colour  declines,  and  it  disappears  when  a  revolution  of  45°  has  been  ac- 
complished ;  and  now  a  pale  green  appears,  which  increases  in  brilliancy 
until  90b  are  reached,  when  it  is  at  a  maximum.  Still  continuing  this  revo- 
lution, it  becomes  paler,  and  at  135°  it  has  ceased,  and  a  red  blush  commences, 
which  reaches  its  maximum  at  180° ;  and  the  same  system  of  changes  is  run 
through  in  passing  from  180°  to  36(f ;  so  that  while  the  film  revolves,  only 
one  colour  is  seen ;  but  as  the  mirror  revolves  two  appear. 

If,  instead  of  using  a  mirror,  we  use  an  adnromatic  prism,  we  have  two 
images  of  the  film  at  the  same  time,  and  we  find  that  tiiey  exhibit  com|^ 

mentary  colours— that  is,  colours  of 
such  a  tint  that  if  they  be  mixed  to- 
gether  they  produce  white  light.  This 
effect  is  represented  in  Fig.  265. 

That  toe  particular  colours  wMoh 
appear,  depend  on  the  thickness  of  the 
films,  is  readily  established  by  taking 
a  thm  wedge-shaped  piece  of  sulphate 
of  Hme,  and  exposing  it  in  the  polaii- 
scope.  All  the  different  colours  are  then 
seen  arranged  in  stripes  according  to 
the  thickness  of  the  film. 

When  a  slice  of  an  uniaxial  crystal 
ent  at  right  angles  to  the  axis  is  used,  instead  of  the  films  in  the  foregoing 
experiment,  very  brilliant  efSects  are  produced^  consisting  of  a  series  of 
eoionred  rings,  ar- 
ranged symmetrically, 
and  marked  in  the 
middle  by  a  cross, 
which  may  either  be 
light  or  dark — Figs. 
266,  267— Hght  if  the 
second  mirror  is  in  the 
proper  position  to  re- 
flect the  light  from  the 
first,  and  dark  if  it  be 
stright  angles  thereto. 
In  crystals  havii^ 
twoaxes,acompHcated  ^'^^'  266.  ^  Fig.  267. 

system  of  oval  rings,  originating  round  each  axis,  may  be  perceived,  inter- 
sected by  a  cross.    Figs.  268,  269,  represent  the  appearance  in  a  crystal  of 
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nitrate  of  potash ;  and  in  the  same  way  other  figures  arise  with  different 
crystals. 


Fig.  268. 
If  transparent  non-crystallized  bodies  are  em] 


Fig.  269. 
ed  in  these  experiments, 


no  colours  whatever  are  perceived.  Thns,  a  plate  of  glass,  placed  in  the 
polariscope,  gives  rise  to  no  such  development ;  but  if  me  structure  of  the 
glass  be  disturbed,  either  by  warming  it  or  cooling  it  unequally,  or  if  it  be 
subjected  to  unequal  pressure  from  screws,  then  colours  are  at  once  developed : 
Figs.  270,  271.  This  property  may,  however,  be  rendered  permanent  in 
glass  by  heating  until  it  becomes  sort,  and  then  cooling  it  with  rapidity. 

All  the  phenomena  here 
described  belong  to  the 
division  of  plane  polariza- 
tion ;  but  tiiere  are  other 
modifications  which  can  be 
impressed  on  light,  giving 
rise  to  very  remarkable 
and  intricate  results ;  these 
are  designated  circular, 
elliptical,  &c.,  polariza- 
tion. 

The  mechanism  of  the 
motions  impressed  on  the 
ether  to  produce  these  results  is  not  difficult  to  comprehend ;  for  common 
light,  as  has  been  stated,  originates  in  vibrations  taking  place  in  every 
direction  transverse  to  the  ray ;  plane  polarized  light  arises  from  vibrations 
in  one  direction  only ;  and  when  the  ethereal  molecules  move  in  circles  they 
originate  circularly  polarized  light,  and  if  in  ellipses,  elliptical. 


Fig.  270. 


Fig.  271. 


CHAPTER  XLIV. 

NATTJRM.  OPTICAL  PHENOMENA. 

The  Rainbow — Conditions  of  its  Appearance — Formation  of  the  Inner  Bow 
— Formation  of  the  Outer  Bow — The  Bows  are  Circular  Arcs — Astrono- 
mical Refraction — Elevation  of  Objects — The  Twilight — Reflection  from 
the  Air — Mirages  and  Spectral  Apparitions^  and  Unttsual  ^fraction. 

The  rainbow,  the  most  beautiful  of  meteorological  phenomena,  consists  of 
one  or  more  circular  arcs  of  prismatic  colours,  seen  when  the  back  of  the 
observer  is  turned  to  the  sun,  and  rain  is  fedling  between  bim  and  a  oloud, 
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which  serves  as  a  screen  on  which  the  how  is  depicted.  When  two  arches 
are  yisible,  the  inner  one  is  the  more  brilliant,  and  the  order  of  its  colours 
is  the  same  ia  which  they  appear  m  the  prismatic  spectrum — the  red  Mnging 
its  outer  boundary,  and  the  violet  being  within.  This  is  called  the  primary 
bow.  The  secondary  bow,  which  is  the  outer  one,  is  fainter,  and  the  colours 
are  in  the  inverted  order.  "When  the  sun*s  altitude  above  the  horizon 
exceeds  42°  the  inner  bow  is  not  seen,  and  when  it  is  more  Ihan  54°  the 
outer  is  invisible.  If  the  sun  is  in  the  horizon,  both  bows  are  semicircles, 
and  according  as  his  altitude  is  greater,  a  less  and  less  portion  of  the  semi- 
circle is  visible ;  but  from  the  top  of  a  mountain  bows  that  are  larger  than 
a  semicircle  may  be  seen. 

These  prismatic  colours  arise  from  reflection  and  refraction  of  light  by  the 
drops  of  raiD,  which  are  of  a  spherical  figure.  In  the  primary  bow  there  is 
one  reflection  and  two  refractions;  in  the 
secondary  there  are  two  reflections  and  two  re- 
fractions. Thus,  let  S,  Fig.  272,  be  a  ray  of 
light  incident  on  a  rain  drop,  a.  On  account 
of  its  obliquity  to  the  surface  of  the  drop,  it 
will  be  refracted  into  a  new  path,  and  at  the 
back  of  the  drop  it  will  undergo  reflection,  and 
returning  to  the  anterior  face  and  escaping,  it  Fig.  272. 

will  be  again  refracted,  giving  rise  to  violet  and  red,  and  the  intermediate 
prismatic  colours  between,  constituting  a  complete  spectrum ;  and  as  the 
drops  of  rain  are  innumerable,  the  observer  will 
see  mnumerable  spectra  arranged  together  so  as 
to  form  a  circular  are. 

The  secondary  rainbow  arises  from  two  refrac- 
tions and  two  reflections  of  the  rays.  Thus,  let 
the  ray,  S,  Fig.  273,  enter  at^  the  bottom  of  the 
drop ;  it  passes  in  the  direction  towards  F  after 
having  undergone  refraction  at  the  front ;  from 
r  it  moves  to 


I",  where  it  is  a  second  time  reflected, 
and  then  emerges  in  front,  undergoing 
refraction  and  dispersion  again.  For 
the  same  reason  as  ia  the  other  case, 
prismatic  spectra  are  seen  arranged  to- 
gether in  a  circular  arc,  and  form  a  bow. 
In  Fig.  274,  let  0  be  the  spectator, 
and  0  P  a  line  drawn  from  his  eye  to 
the  centre  of  the  bows.  The  rays  of 
the  sun,  S  S,  falling  on  the  drops,  A  B 
C,  will  produce  the  inner  bow,  and  fall- 
ing on  D  E  F,  the  outer  bow,  the 
former  by  one,  and  the  latter  by  two 
reflections.  The  drop  A  reflects  the  red, 
B  the  yellow,  and  C  tibe  blue  rays  to  the 
eye ;  and  in  the  case  of  the  outer  bow, 
P  the  red,  E  theyeUow,  and  Dthe  blue. 
And  as  the  colour  perceived  is  entirely 
dependent  on  the  angle   under  which 
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tii6  ray  esiemf&e  eyi^  as  in  the  ease  of  the  inteiior  hoWf  the  hfaie  eatet^ 

in^  at  the  aagle  G  0  P,  the   yellow  at  the  larger  angle  BOP,  a&d  the 

red  and  the  largest  A  O  P,  we  see  the  caiiae  wij  Hie  hdrs  are  eireakr 

ares ;  ftnr  out  of  the  insmnerable  drops  of  rain  whic^  eompose  the  ahower, 

tiiose  only  can  reflect*  to  the  eye  a  red  eohmr  ifkich  make  the  same  angle^ 

A  0  P,  that  A  does  with  the  line  O  P^  and  these  mnst  necessarily  be  ar- 

1  in  a  eirele  of  which  the  centre  is  P.    And  the  same  reaaoning^ 

I  for  the  yellow,  the  Une,  or  any  other  ray  as  weE  as  the  red,  ana 

>  for  the  outer  as  well  as  for  the  inner  bow. 

Another  interestinfi*  natural  pheoomenon  connected  with  the  re&aotioa  ^ 
light  is  what  is  caUea  '*  astronomical  refraction/'  arising  from  the  aetioa.  ef 
the  atmosphere  on  the  rays  of  light.  It  is  this  i^ch  so  powerfully  disturbs 
tiie  positions  of  the  heavenly  bodies,  Tnatrng  them  appear  higher  above  the 
horizon  than  they  really  are,  and  d^ange^  me  circular  form  of  the  snix  aad 
moon  to  an  oval  shape.     It  also  aids  in  giving  rise  to  the  twilight. 

Let  0,  Fig.  275,  be  the  position  of  an  observer  on  the  earth,  Z  will  be  his 
zenith,  and  let  E  be  any  star,  the  rays  from 
which  come,  of  coarse,  in  straight  lines,  su^  as 
B  E.    Now,  when  such  a  ray  impinges  em  the 
atmosphere  at  «,  it  is  refracted,  and  deviates 
from  its  rectilinear  course.     At  first  this  re- 
fraction  is  feeble;  but  tiie  atmof5)here  con-  ^ 
tinuaUy  increases  in  density  as  we  descend  in  */ 
it,  and  therefore  the  deviation  oi  the  ray  from  *^ 
its  original  path,   E   E,  becomes  conthmally 
greater.      It  follows .  a  curvilinear  line,   and  p.     075 

finally  enters  the  eye  oi  the  observer  at  0.  s-    /  • 

This  may  perhaps  be  more  clearly  understood  by  supposing  the  concentric 
circles  a  a,  h  h,  c  c,  represented  in  the  figure,  to  stand  for  concentric 
shells  of  air  of  the  same  denaty,  the  ray  at  its  entry  on  the  first  becomes 
refracted,  and  pursues  a  new  course  to  the  second.  Here  the  same  thing  again 
takes  place,  and  so  with  the  third  and  other  ones  successively.  But  these 
abrupt  changes  do  not  occur  in  the  atmosphere,  which  does  not  change  its  density 
from  stratum  to  stratum  abruptly,  but  gradually  and  contiiiually .  The  resuLt* 
ing  path  of  the  ray  is,  therefore,  not  a  broken  line,  but  a  contmuous  curve,. 

Now,  it  is  a  law  of  vision  that  the  mind  judges  of  the  position  of  an  objeafi^ 
as  being  in  the  direction  in  which  the  ray  by  which  it  is  seen  enters  the  ^rsw 
Consequently  the  star,  E,  which  emits  the  ray  we  have  under  considerafciOTt^ 
will  be  seen  in  the  direction  0  r — ^that  being  the  direction  in  which  the 
ray  entered  the  eye — and  therefore  the  effect  of  astronomidal  refraction  is  t» 
elevate  a  star  or  other  object  above  the  horizon  to  a  higher  apparent  position 
than  that  which  it  actually  occupies.  Astronomical  refraction  is  greattr 
according  as  the  object  is  nearer  the  horizon,  beeoming  leas  as  the  sJtitndSe 
increases,  and  ceasing  in  the  zenith.  An  object  seen  in  the  zenith  is,  therft- 
foie,  in  its  true  position. 

On  these  princi^es  the  figure  of  the  sun  and  moon,  when  in  the  horxMn^ 
changes  to  an  ov^  shape ;  for  the  lower  edge  being  more  acted  upon  titaa 
the  upper,  is  therefore  relatively  lifted  ujr^  and  tl^se  objects  made  less  is 
their  vertical  dimensions  than  in  their  bonzontaL  Even  when  an  object  m 
below  the  horizon,  it  may  be  so  much  elevated  as  to  be  brought  into  view  ^ 
for  just  in  the  same  way  that  a  star,.  &^  is  ekirated  ta  r^  so  may  ona  1 
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-file  hotiKOiif  be  eknted  even,  to  a  greater  extent,  beeanae  lefiractiaa  inereanB 
as  we  descend  to  the  horizon.  Stars,  therefore,  are  visible  before  thej  have 
tietoallv  risen,  and  eontinae  in  sight  after  ^bey  have  actually  set.  They  are 
ifans  lifted  out  of  I2ieir  troe  position  wh^i  in  tiie  horizon  alnnit  thirtj-throe 
siniites.  In  liie  books  on  aatronomyy  tables  are  given  which  repiceent  the 
araoant  of  refractkni  lor  anjr  ahitade. 

What  has  been  here  said  in  reLation  to  a  star  holds  also  far  the  son, 
which  tfaeref<ve  is  made  appaTently-  to  rise  sooner  and  set  later  tiian  what  m 
tiie  case  in  reality.  From  this  arises  the  important  reanlt  that  the  day  is 
prolonged.  In  temperate  climates  this  lengthening  of  the  di^  extends  onhr 
to  a  few  minutes ;  in  the  polar  r^ons  the  day  is  made  longer  by  a  momdL 
And  it  is  for  this  canse,  too,  that  the  morning  does  not  saddemy  break  just  at 
the  moment  the  son  appears  in  the  horizon,  and  the  night  set  in  the  instant 
^  sinks ;  but  the  light  gradually  fades  away  as  a  twdight,  the  rays  being 
bent  from  their  path,  and  tiie  scattering  ones  which  fall  on  the  top  of  tiis 
stmoflphere  brongnt  in  curved  directions  down  to  tlie  lower  parte. 

The  phenomenon  of  twilight  is  not,  however,  wholly  due  to  refraetiaiL. 
The  renting  action  of  the  particles  of  liie  air  is  also  greatly  concerned  in  pro- 
ducing it.   The  manner  in  which  this  takes  place  is  shown  in  Fig.  276,  whete 

A  B  G  D  rep^sents  the  earth,  T  R  P  the 
atmosj^iere,  and  8  0,  S  'X,  S' '  M,  rays  of 
tke  sun  passing  through  it.  To  an  observer 
at  the  point  A,  the  sun,  at  S",  is  just  set; 
but  the  whole  hemisphere  above  mm,  P  R 
T,  being  his  sky,  reflects  the  ra^s  which  are 
still  fEilling  upon  it,  and  gives  him  twilight. 
To  an  observer  at  B  the  sun  has  been  set 
for  some  time,  and  he  is  in  the  earth's 
shadow ;  but  that  part  of  his  sky  which  is 
included  between  P  Q  B  a;  is  still  receiving 
Fig.  276.  sun-rays,  and  reflecting  them  to  him.    T6 

an  observer  at  C  the  illuminated  portion  of 
Hie  sky  has  decreased  to  P  Q  z«  His  twi- 
iight,  therefore,  has  nearly  gone.  To  an 
4iliserver  at  D,  whose  horizon  is  bounded  by 
the  line  D  P,  the  sky  is  entireh^  dark,  no 
rays  from  the  sun  falling  on  it.  It  is  there- 
iaare  night. 

The  aotion  of  the  atmosphere  sometimes 
^^es  rise  to  curious  spectral  appearances 
— BDch  as  inverted  images,  looming,  and  the 
mirage.  The  latter,  whid^  often  oocurs  on 
hot  sandy  plains,  was  frequently  seen  by  the 
R»nch  during  their  ex^dition  to  Egypt, 
eiving  rise  to  a  deceptive  appearance  of  great 
Uses  of  water  resting  on  uxe  sands.  It  ap- 
jpeam  to  be  doe  to  the  partial  rarefaction  oi 
the  lower  strata  of  air  through  the  heat  of 
tlie  soriifice  on  which  they  zest,  so  that  rays 
of  light  are  made  to  pass  in  a  curvilinear 
path,  and   enter  the   eye.      In   the    same 
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way  at  sea,  inverted  images  of  ships  floating  in  the  air  aza  offcen  dis- 
coTered. 

Thus,  <<on  the  first  of  August,  1798,  Dr.  Yince  observed  at  Eamsgate  a 
ship  which  appeared  as  at  A,  Fig.  277,  tiie  topmast  being  the  Only  ]^rt  of 
it  seen  above  the  horizon.  An  inverted  image  of  it  was  seen  at  B,  imme- 
diately above  the  real  ship  at  A,  and  an  erect  ima^  at  0,  both  of  them 
bdng  complete  and  well  defined.  The  sea  was  distinctly  seen  between 
them,  as  at  Y  W.  As  the  ship  rose  to  the  horizon,  the  image,  C,  gra- 
dually disappeared ;  and,  while  tnis  was  going  on,  the  image,  £,  descended, 


but  uie  mainmast  of  B  did  not  meet  the  mainmast  of  A.  Tlie  two  images, 
B  C,  were  perfectly  visible  when  the  whole  ship  was  actually  below  the 
horizon." 

These  singular  appearances,  which  have  often  given  rise  to  super- 
stitious legends,  may  be  imitated  artificially.  Thus,  if  we  take  a  long 
mass  of  hot  iron,  ana,  looking  along  the  upper  surface  of.  it  at  an  object  not 
too  distant,  we  shall  see  not  onl^  the  object  itself,  but  also  an  inverted 
image  of  it  below ;  the  second  image  being  caused  by  the  refraction  of 
the  rays  of  light  passing  through  the  stratum  of  hot  air,  as  is  the  case  of  the 
mirage. 

The  trembling  which  distant  objects  exhibit,  more  especially  when  they 
are  seen  across  a  heated  surface,  is,  in  like  manner,  due  to  unusual  and 
irregular  refraction  taking  place  in  the  air. 


CHAPTER  XLY. 

THE  OfiGAN  OF  VISION. 


The  Three  Parts  of  the  Eye — Description  of  the  Eye  of  Man — Uses  of  the 
Accessory  Apparatus — Optical  Action  of  the  Eye — Short  and  Long^ 
Sightedness — Spectacles — Erect  and  Double  Vision — Peculiarities  of  Vision 
— Physiological  Colours, 

* 
Almost  all  animals  possess  some  mechanism  by  which  they  are  rendered 
sensible  of  the  presence  of  light.  In  some  of  the  lower  orders,  perhaps, 
nothing  more  than  a  diffased  sensibilitv  exists,  without  there  being  any 
special  organ  adapted  for  the  purpose,  ^us  many  animalcules  are  seen  to 
collect,  on  that  side  of  the  liquid  in  which  they  live,  where  the  sun  is  shining, 
and  others  avoid  the  light.  But  in  all  the  higher  tribes  of  life  there 
is  a  special  mechanism,  which  depends  for  its  action  on  optical  laws — 
it  is  the  eye. 

This  organ  essentially  consists  of  three  different  parts — ^an  optical  portion, 
which  is  the  eye,  strictiy  speaking ;  a  nervous  portion,  which  transmits  the 
impressions  gathered  by  the  former  to  the  brain ;  and  an  accessory  portion, 
wmch  has  tiie  dut^  of  keeping  the  eye  in  a  proper  worMng  state,  and 
defending  it  from  injury. 
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Fig.  278. 


In  man  the  eyeball  is  nearly  of  a  spherical  figpire,  being  about  an  indi 

in  diameter.  As  seen  in  front,  between  the 
two  eyelids,  d  c,  Fig.  278,  it  exhibits  a 
white  portion  of  a  porcelain-like  aspect, 
aa;  a  coloured  circular  part,  bb,  wnioh 
continually  changes  in  width,  called  the 
iris :  and  a  central  black  portion,  which  is 
the  pupil. 

When  it  is  removed  from  the  orbit  or 
socket  in  which  it  is  placed,  and  dissected, 
the  eye  is  found  to  consist  of  several  coats. 
The  white  portion,  seen  anteriorly  at  a  a, 
extends  all  round.  It  is  very  tough  and 
resisting,  and  by  its  mechanical  qualities 
serves  to  support  the  more  delicate  parts 
within,  and  also  to  give  insertion  for  the 
attachment  of  certain  muscles  which  roll 
the  eyeball,  and  direct  it  to  any  object. 
This  coat  passes  under  the  name  of  the 
sclerotic.  It  is  represented  in  Fig.  279,  at 
a  a  a  a.  In  its  front  there  is  a  circular 
aperture,  into  which  a  transparent  portion, 
h  b,  resembling  in  shape  a  watch-glass,  is 
inserted.  This  is  called  the  cornea.  It 
proj  ects  somewhat  beyond  the  general  curve 
of  file  sclerotic,  as  seen  at  6ft  in  the  figure, 
and  with  the  sclerotic  completes  the  outer 
coat  of  the  eye. 

The  interior  surface  of  the  sclerotic  is  lined  with  a  coat  which  seems  to  be 
almost  entirely  made  up  of  blood-vessels,  little  arteries  and  veins,  which,  by 
their  internetting,  cross  one  another  in  every  possible  direction.  It  is  called 
the  choroid  coat :  it  extends,  like  the  sclerotic,  as  far  as  the  cornea.  Its 
interior  surface  is  thickly  covered  with  a  slimy  pigment  of  a  black  colour, 
hence  qbSIq^  pigmentum  nigrum.  Over  this  is  laid  a  very  delicate  serous 
sheet,  wliiich  passes  under  &e  name  of  JacoVs  membrane,  and  the  optic  nerve, 
O  0,  coming  from  the  brain,  perforates  the  sclerotic  and  choroid  coats,  and 
8pre»Euis  itself  out  on  the  interior  surface,  as  the  retina,  rr  r  r.  The  optic 
nerves  of  the  opposite  eyes  decussate  one  another  on  their  passage  to  the 
brain. 

These,  therefore,  are  the  coats  of  which  the  eye  is  composed.  Let  us  now 
examine  its  internal  structure.  Behind  the  cornea,  b  b,  there  is  suspended 
a  circular  diaphragm,  ef,  black  behind,  and  of  different  colours  in  different 
individuals  in  front.  This  is  the  iris.  Its  colour  is,  in  some  measure,  con- 
nected with  the  colour  of  the  hair.  The  central  opening  in  it,  d,  is  the  pupil, 
and  immediately  behind  the  pupil,  suspended  by  the  ciliary  processes,  g  g, 
is  the  crystalline  lens,  c  c — a  double  convex  lens.  All  the  space  between  the 
anterior  of  the  lens  and  the  cornea  is  filled  with  a  watery  fluid,  which  is  the 
aqueous  humour ;  that  portion  which  is  in  front  of  the  iris  is  called  the 
anterior  chamber,  and  that  behind  it  i}ie  posterior.  The  rest  of  the  space  of 
tihe  eye,  bounded  by  the  crystalline  lens  in  front,  and  the  retina  all  round,  is 
fiUed  mth  the  vitreous  humour,  Y  Y» 


Fig.  279. 
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With  Teipeet  to  the  wtoetmory  parts,  they  consist  einefly  of  the  ^tUds, 
which  serye  to  wipe  the  face  of  tote  eye,  and  protect  it  from,  accidents  and 
dust ;  the  lachrymal  apparatug^  which  seryes  to  wash  it  with  ^eora,  so  as  to 
keep  it  continaally  bi^liant ;  and  the  muscles^  re^puiite  to  difeet  it  upon 
aay  point. 

Of  the  nervous  jrart  of  ihe  eye,  so  far  as  its  functions  are  oofnoraned,  but 
little  is  known.  The  retma  receives  the  impressions  of  liie  1^^  which  are 
conveyed  along  the  optic  nerve  to  the  brain. 

Now,  as  respects  the  optical  action  of  the  eye,  it  is  obviMufysathifig  more 
tiuoL  that  of  a  convex  lens,  with  which,  indeed,  its  structare  meibu31y  corre- 
sponds ;  and  as  in  the  focus  of  such  a  convex  lens  objects  f<»m  images,  so  by 
me  conjoint  action  of  the  cornea  and  crytftalline,  the  images  of  the  things  to 
which  the  eye  is  directed  form  at  the  ^oper  focal  distance  behind — that  is, 
upon  Ihe  retina.  Distinct  vision  only  takes  place  when  the  cornea  and  the 
lens  have  such  convexities  as  to  hnng  the  images  exaedy  upon  the  retina. 

In  early  life  it  sometimes  happens  that  the  curvature  of  these  bodies  is  too 
creat,  and  the  rays  converging  too  rapidly,  form  their  images  before  they 
have  reached  the  posterior  part  of  the  eye,  giving  rise  to  the  defect  known  as 
short-sightedness — a  defect  which  may  be  remedied  by  putting  in  front  of 
the  cornea  a  concave  glass  lens  of  such  concavity  as  just  to  compensate  for  the 
excess  of  the  convexity  of  the  eye. 

In  old  age,  on  the  contrary,  the  cornea  and  the  lens  become  somewhat 
flattened,  and  they  cannot  converge  the  rays  soon  enough  to  form  unages  at 
the  prober  distance  behind.  This  long-sightedness  may  be  remediSl  by 
putting  in  front  of  the  cornea  a  oonvex  lens,  so  as  to  help  it  in  its  actioou 

Concave  or  convex  lenses,  thus  used  in  front  of  the  eyes,  constitute  spec- 
tacles. It  is  believed  that  this  application  was  first  made  hj  Eoger  Baoon, 
and  it  unquestionably  constitutes  one  of  the  most  noble  contributions  which 
science  has  ever  made  to  man.  It  has  given  sight  to  millions  who  would 
utherwise  have  been  blind.* 

The  image  which  is  formed  by  a  convex  lens  being  inverted  as  respects  its 
object,  so  must  the  images  which  form  at  the  bottom  of  the  eye.  It  has, 
l^refore,  been  a  question  among  optical  writers,  why  we  see  objects  in  their 
natural  position,  and  also  why  we  do  not  see  double,  inasmuch  as  we  have 
two  eyes.  Various  exj^anations  of  these  facts  have  been  offered,  chiefly 
founded  upon  optical  TOinciples.  None,  however,  appear  to  have  given 
general  satisfaction,  and  in  reality,  the  true  explanation,  I  believe,  will  be 
K>und  not  in  the  optical,  but  in  the  nervous  part  of  the*  visual  organs.  It  is 
no  more  remarkable  that  we  see  single,  having  two  eyes,  than  that  we  hear 
single,  having  two  ears.  It  is  the  simultaneous  arrival  in  the  brain  that 
gives  rise  out  of  two  impressions  to  one  perception,  and  accordingly,  whea.  we 
disturb  the  action  of  one  of  the  eyes  by  pressing  on  it,  we  at  once  see  double. 

Among  the  peculiarities  of  vision  it  may  be  mentioned,  that  for  an  object 

*  A  defect,  and  not  an  itnoommon  one,  with  some  persons,  consists  in  the  eyes  re- 
ifracting  the  rays  of  light  with  different  powers  in  different  places.  The  defect  may  be 
detected  by  making;  a  smaJl  pin-bole  in  a  card,  which  is  to  be  moved  &om  dose  to 
the  eye  to  an  arm's  length,  while  the  ^aze  is  directed  toward  the  sky,  or  some  brij^t 
object.  If  the  si^t  be  perfect  the  hole  does  not  alter  its  circular  form  at  all;  but  if  ^e 
peculiar  defect  exists,  the  hole  becomes  elongated,  and  uhamstely  merges  into  a  straSfht 
line.  M.  Airey  considers  tiiat  a  sphencal  cylindnctd  lens  will  -cerreot  the  defeot,  <m  it 
succeeded  in  his  own  case. — Ed.  . 
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to  be  seen  it  must  be  of  oertain  magnitade,  and.remain  on  the  retina  a  suf- 
ficient length  of  time  ;  and,  for  distinct  vision,  must  not  be  nearer  than  a 
certain  distance,  as  eight  or  ten  inches.  This  distance  of  distinct  visioai 
yaries  somewhat  with  different  persons.  The  eye,  too,  cannot  bear  too 
brilliant  a  light,  nor  can  it  distinguish  when  the  rays  are  too  feeble ;  thongh 
it  is  wonderM  to  what  an  extent,  in  this  respect,  its  powers  range.  We 
ean  read  a  book  by  the  light  of  the  sun  or  the  moon ;  yet  the  one  is  a  quarter 
of  a  million  times  more  briUiant  than  the  other.  Luminous  impressions 
made  on  the  retina  last  for  a  certain  space  of  time,  varying  from  one-third* 
to  one-sixth  of  a  second.  For  this  reason,  when  a  stick,  with  a  spark  of  fire 
at  the  end,  is  turned  rapidly  round,  it  gives  rise  to  an  apparent  circle  of 
light. 

By  accidental  or  physiological  colours  we  mean  such  as  are  observed  for  a 
short  time  depicted  on  surfaces,  and  then  vanishmg  away.  Thus,  if  a  per- 
son looks  steadfastly  at  a  sheet  of  paper  strongly  illuminated  by  the  sun,  and 
then  closes  his  eyes,  he  will  see  a  black  surface  corresponding  to  the  paper. 
So  if  a  red  wafer  be  put  on  a  sheet  of  paper  in  the  sun,  and  the  eye  suddenly 
tamed  on  a  white  wall,  a  green  image  of  the  wafer  will  be  seen.  Spectral 
iUnsions  in  the  same  way  often  arise— thus,  when  we  awake  in  the  morning, 
if  our  eyes  are  turned  at  once  to  a  window  brightly  illuminated,  on  shutting 
tfaem  again  we  shall  see  a  visionary  picture  of  every  portion  of  the  window, 
which  after  a  time  feuies  away. 


CHAPTER  XLVI. 

OF  OPTICAL  INSTRUMENTS. 


27ie  Common  Camera  Obscura — The  Portable  Camera — TJie  Stuff le  Micro- 
scope — The  Compound  Microscope — Chromatic  and  Spherical  Aberration-^ 
The  Magic  Lantern — Hie  Solar  Microscope — The  Oxihydrogen  Micro- 
scope. 
Iisr  this  and  the  next  chapter  I  shall  describe  tiie  more  important  optical 
instruments.     These,  in  their  external  appearance,  and  also  in  their  prin- 
ciples, differ  very  much  according  to  the  taste  oir  ideas  of  the  artist.     The 
descriptions  here  given  will  be  limited  to  such  as  are  of  a  simple  kind. 

The  Caicera  Obscuea,  or  dark  chamber,  originally  consisted  of  nothing 
more  tiian  a  double  convex  lens  of  a  foot  or  two  m  focus,  fixed  in  the  shutter 
of  a  dark  room.  Opposite  the  lens,  and  at  its  focal  distance,  a  white  sheet 
received  the  images.  These  repre- 
sent whatever  is  in  front  of  the 
lens,  giving  a  beautiful  picture  of 
the  stationary  and  movable  ob- 
jects in  their  proper  relation  of 
light  and  shadow,  and  also  in 
tffl^  proper  colours. 

In  point  of  fact,  a  lens  is  not  ^^^^jg^^:^^^^7~^x^\&£^-i 
reqmred :  for  if,  into  a  dark  ^^g^^^^.^.  ='--*^i--'-'  "t  a./-*c« 
chamber,  C  D,  Pig.  280,  rays  are  Y\%.  280. 

sdmitted  through  a  small  aperture, 
L,  an  inrerted  image  will  be  formed,  on  a  white  screen  at  the  back  of  ^^5^ 


162 


THE  HOME  lUTOB. 


chamber,  of  whatever  objects  are  in  front  Thns  the  object,  A  B,  givea  the 
inverted  image,  b  a.  These  images  are,  however,  dim,  owing  to  the  small 
amount  of  light  which  can  be  admitted  through  the  hole.  The  use  of  a 
double,  convex  lens  permits  us  to  have  a  much  larger  aperture,  and  the 
images  are  correspondingly  brighter. 

The  portable  Camera  Obscura  consists  of  an  achromatic  double  convex  lens, 

a  a',  set  in  a  brass  mounting  in  the  front  of  a  box  consisting  of  two  parts,  oi 

,  which  c  c'  slides  in  the  wider  one,  6ft'. 

The  total  length  of  the  box  is  adjusted  to 

-  suit  the  focal  distance  of  the  lens.     In  the 

back  of  the  part,  c  c^,  there  is  a  square 

piece  of  ground  glass,  d,  which  receives  the 

images  of  the  objects  to  which  the  lens  is 

directed,  and  by  diding  the  movable  part 

The  interior 


'TT- 


V 
Fig.  281. 

in  or  out,  the  ground  glass  can  be  brought  to  the  precise  locus. 

of  the  box  and  brass  piece,  a  a ',  is  blackened  all  over  to  extinguish  any  stray 

light. 

The  images  of  the  camera  are,  of  course,  inverted ;  but  they  can  be  seen 
jn.  their  proper  position  by  receiviog  them  on  a  looking-glass,  placed  so  as  to 
reflect  them  upward  to  the  eye.  Objects  that  are  near,  compared  with 
objects  that  are  distant,  require  the  bacK  of  the  box  to  be  drawn  out,  because 
the  foci  are  further  ofl*.  Moreover,  those  that  are  near  the  edges  are  india^ 
tinct,  while  the  central  ones  are  sharp  and  perfect.  This  arises  from  the 
circumstance  that  the  edges  of  the  ground  glass  are  further  from  the  lens 
than  the  central  portion,  and  therefore  out  of  focus. 


OF  MICROSCOPES. 

The  Single  Microscope. — When  a  convex  lens  is  placed  between  the  eye 

and  an  object  situated  a  little  nearer 

than  its  focal  distance,  a  magnified 

and  erect  image  will  be  seen. 
The  single  microscope  consists  of 

such  a  lens,  m.  Fig.  282,  the  object, 

h  c,  being  on  one  side,  and  the  eye, 

a,  at  the  other,  a  magnifled  and 

erect  image,   B  C,  is  seen.     The  Fig.  282. 

linear  magnifying  power  of  such  a  lens  is  found  by  dividing  the  distance  of 

distinct  vision  by  its  focal  length. 

The  Compound  Microscope  commonly  consists  of  three  lenses,  A  B,  E  F, 

C  D,  Fig.  283,  A  B  being  the 
object-glass,  E  F  the  field-glass, 
and  C  D  the  eye-glass.  Beyond 
the  object-glass  is  placed  the  object, 
at  a  distance  somewhat  greater 
than  the  focal  length ;  a  magnified 
image  is,  therefore,  produced,  and 
this  being  viewed  by  the  eye-glass 
Fig.  283.  is  still  further  magnified,   and,  of 

course,  seen  in  an  inverted  position.    The  use  of  the  field-glass  is  to  inter- 
cept the  extreme  pencils  of  Bght,  n  m,  coming  from  the  object-glass,  which 
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wonld  otherwise  not  have  fallen  on  the  eye-lens.  It  therefore  increases  the 
field  of  view,  and  hence  its  name. 

In  this  instrument  the  object-glass  has  a  very  short  focus ;  the  eye-glass, 
one  that  is  much  larger ;  and  the  field-glass  and  the  eye-glass  can  be  so 
arranged  as  to  neutralize  chromatic  aberration. 

To  determine  directly  the  magnifying  power  of  this  instrument,  an  object, 
the  length  of  which  is  known,  is  placed  before  it.  Then  one  eye  being 
applied  to  the  instrument,  with  the  other  we  look  at  a  pair  of  compasses,  the 
points  of  which  are  to  be  opened,  until  they  subtend  a  space  equal  to  that 
under  which  the  object  appears.  This  space,  being  divided  by  the  known 
length  of  the  object,  gives  the  magnifying  power. 

fii  Fig.  284,  we  have  a  representation  of  the  compound  microscope,  as 
commoidy  made.  A  B  is  a  sliding  brass  tube,  which  bears  the  eye-  glass ; 
m  n  is  the  object-glass ;  I  Kthe  field-glass ;  S  T  a  stage 
for  carrying  the  objects.  It  can  be  moved  to  the  proper 
focal  distance  by  means  of  a  pinion.  At  V  there  is  a 
mirror  which  reflects  the  light  of  a  lamp  or  the  sky  up- 
ward, to  illuminate  the  object.  The  body  of  the  micri>- 
cope  is  supported  on  the  pillar  M,  and  it  can  be  turned 
into  the  hoiizontal  or  any  oblique  position  to  suit  the 
observer,  by  a  joint,  N.  To  the  better  kind  of  instru- 
ments micrometers  are  attached,  for  the  purpose  of 
determining  the  dimension  of  objects.  These  are  some- 
times nothmg  more  than  a  piece  of  glass,  on  which  iiiie 
lines  have  been  drawn  with  a  diamond,  forming  divi- 
sions the  value  of  which  is  known.  Such  a  plate  may 
be  placed  either  immediately  beneath  the  object  or  at  tbe  | 
diaphragm,  which  is  between  the  two  lenses. 

In  microscopes  the  defective  action  of  lenses,  knoivii 
as  chromatic  aberration,  and  described  in  Chapter  XL.  ^ 
interferes,  and,  by  imparting  prismatic  colours  to  the 
edges  of  objects,  tends  to  make  them  indistinct.  To[_£.^t^_  ^.  -  ■  ~^3 
overcome  tms  difficulty,  achromatic  object-glasses  are 
nsed  in  the  finer  kinds  of  instruments.  '^^-  ^^' 

Besides  chromatic  aberration,  there  is  another  defect  to  which  lenses  are 
subject.  It  arises  from  their  spherical  figure,  and  hence  is  designated  sphe- 
rical aberration.  Let  P  P,  Fig.  285,  be  a  convex  lens,  on  which  rays,  K  N, 
£  N,  E  M,  £  M,  £  A,  from  any  object,  E  e,  are  incident,  it  is  obvious  that  the 

principal  ray,  £  A,  will  pass  on 
through  B  to  F  without  undergoing 
refraction.  Now,  rays  which  are 
near  to  this,  as  £  M,  £  M,  converge 
by  the  action  of  the  lens  to  a  focus 
at  F  :  but  those  which  are  more  dis- 
tant, and  fall  near  the  edges  of  the 
lens,  as  £  N,  £  N,  converge  more 
Fig.  285.  rapidly,  and  come  to  a  focus  at  G. 

Thus  images,  F/,  Q  g,  are  formed  by  the  extreme  rays,  and  an  interme- 
diate series  of  them  by  the  intermediate  rays,  the  whole  arising  from  the 
peculiarity  of  figure  of  the  lens.  It  is,  indeed,  the  same  defect  as  that  to 
irldoh  q^herioal  miirors  are  liable,  as  explained  in  Chapter  XXXYL  \  ^sn.^ 
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henoe,  to  obtain  perfect  action  with  a  spberioal  Imu,  as  with  a  spkerioal 

mirror,  its  aperture  must  be  limited. 


Fig.  286> 


OF  OPTICAX  INSTKUMEirrS. 

The  Magic  Laittebn  consists  of  a  metallic  lantern,  A  A'  Fig.  286,  in  front 
of  which  two  lenses  are  placed.  One  of  these,  m,  is  the  illuminating  lens, 
the  other,  n,  the  magnifier.  A  powerful  Argand  lamp  is  placed  at  L,  and 
Miind  it  a  concave  mirror,  p  q, 
'  I  lei 


In  the  space  between  the  two  len- 
ses the  tube  is  widened,  c  rf ,  or 
finch  an  arrangement  made  that 
slips  of  glass,  on  which  yarious 
figures  are  painted,  can  be  intro- 
duced. The  action  of  the  instru- 
ment is  very  simple.  The  mirror 
and  the  lens  m  illuminate  the 
drawing  as  highly  as  possible; 
for  the  lamp  being  plaoed  in  their 
foci,  they  throw  a  brilliant  light 
upon  it,  and  the  magnifying  lens,  n,  which  can  slide  in  its  tube  a  little  back- 
ward and  forward,  is  plaoed  in  such  a  position  as  to  throw  a  highly  magni- 
fied image  of  the  drawing  upon  a  screen,  several  feet  off,  the  precise  iwsal 
distance  bein^  adjusted  oy  sliding  the  lens.  As  it  is  an  inverted  image 
whi<di  forms,  it  is,  of  course,  necessary  to  put  the  drawing  in  the  slide,  c  d, 
upside  down,  so  as  to  have  their  images  in  the  natural  position.  Various 
amusing  slides  are  prepared  by  the  instrument-makers,  some  representing 
bodies  or  parts  in  motion.  The  figures  require  to  be  painted  in  colours  that 
are  quite  transparent. 

[By  employing  two  distinct  magic  lanterns,  or  two  lanterns  inclosed  in  the 
same  case,  the  dissolving  views  are  exhibited.] 

The  Solar  Miceoscope. — This  instrument,  like  the  magic  lantern,  con- 
sists of  two  parts— one  for  illuminating  the  object  highly,  and  the  otl^  for 

magnifying  it.  It  consists  of  a 
brass  plate,  which  can  be  fastened 
to  an  aperture  in  the  shutter  of  a 
dark  room,  into  which  a  beuu 
of  the  sun  may  be  directed  by 
means  of  a  plane  mirror.  In  Fig. 
287,  M  is  the  mirror,  to  which 
movement  in  any  direction  may  be 


Fig.  287. 


fiven  by  the  two  buttons,  X  and  Y,  that  rays  from  the  sun  may  be  reflected 
orizontally  into  the  room.  They  pass  through  a  large  convex  lens,  R,  and 
are  converged  by  it ;  they  again  impinge  on  a  second  lens,  U  S,  which  con- 
centrates tiiem  to  a  focus,  the  precise  point  of  which  may  be  adjusted  by 
sliding  the  lens  to  the  proper  position  by  the  button  B.  P  P'  is  an  appa- 
ratus consisting  of  two  fixed  plates,  with  a  movable  one,  Q,  between  'them, 
^  being  pressed  against  P'  by  means  of  spiral  springs.  This  apparatus  is 
for  the  purpose  of  supporting  the  various  objects  whicn  are  held  by  the  pKft- 
sure  01  Q,  against  P.  Immediately  beyond  this,  at  L,  is  the  magnifying 
lens,  or  object-glass,  whi^  can  be  brought  to  the  proper  positioii  mm  the 
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highly  iUuminated  object  by  means  of  the  button  B' ;  and  the  magni^Ai^ 
image  resulting  is  then  thrown  on  a  screen  at  a  distance. 

The  solar  microscope  has  the  great  advantage  of  exhibiting  objects  to  a 
nnmber  of  persons  at  the  same  tune. 

In  principle,  the  Oxihydrogen  Microscope  is  the  same  as  the  foregoing, 
only,  instead  of  employing  the  light  of  the  snn,  the  rays  of  a  fragment  of 
lime  ignited  in  the  name  of  an  oxihydrogen  blow-pipe  are  used.  These  rays 
are  converged  on  the  object,  and  serve  to  illuminate  it  The  advantage  the 
instrument  has  over  the  solar  microscope  is,  that  it  can  be  used  at  night  and 
on  cloudy  days. 


CHAPTER  XLYII. 

OF  TELESCOPES. 

liefractinq  and  ^efiectin(j  Telescopes — Galileo's  Telescope — Tlie  Astronomi- 
cal  Telescope — The    Terrestrial — Of  Reflecting    Telescopes  ^ Her sclieVs, 
Netcton^s,  the  Cassegrairian,  Gregory's,  Lord  JRosse's,  Mr,  ZasselPs^  and 
the   Craig  Telescope — Determination  of  their  'Magnifying  Powers — The 
Achromatic  Telescope, 
The  telescope  is  an  instrument  which,  in  principle,  resembles  the  microscope, 
both  being  to  exhibit  objects  to  us  under  a  larger  visual  ^angle.     The  micro- 
scope does  this  for  objects  near  at  hand,  the  telescope  for  those  that  are  at  a 
distance. 

Telescopes  are  of  two  kinds,  refracting  and  reflecting.  Each  consists 
essentially  of  two  parts— the  object-glass  or  objective,  and  the  eye-piece.  In 
the  former,  the  objective  is  a  lens,  in  the  latter  it  is  a  concave  mirror. 

The  distinctness  of  objects  through  telescopes  is  necessarily  connected  with 
the  brilliancy  of  the  images  they  give ;  and  this,  among  other  things,  depends 
on  the  size  of  the  objective. 

There  are  three  kinds  of  refracting  telescopes :— 1st,  Galileo's  ;  2nd,  the 
Astronomical ;  3rd,  the  Terrestrial. 

Galileo's  TELESCorE,  which  is  represented  in  Fig.  288,  consists  of  a  con- 
vex lens,  L  N,  which  is  the  objective,  and  a  concave  eye-glass,  E  E.     Let 

0  B  be  a  distant  object,  the  rays 
from  which  are  received  upon  L  JT, 
and  by  it  would  be  brought  to  a 
focus,  and  give  the  image,  M  I;  but, 
Fig.  288  before  they  reach  this  point,  they  • 

are  intercepted  by  the  concave  eye-glass,  E  E,  which  make  them  diverge,  as 
Tepresented  at  H  K,  and  give  an  erect  image,  o  m.  This  form  of  telescope 
has  an  advantage  in  the  erect  position  of  its  image,  which  is  usually  pre- 
sented with  great  clearness.  Its  field  of  view,  by  reason  of  the  divergence 
of  the  rays  through  the  eye-glass,  is  limited.  When  made  on  a  small  scale, 
it  constitutes  the  common  opera-glass. 

The  Astronomical  Telescope 
difto  from  the  former  in  having 
for  its  eye-piece  a  convex  lens  of 
short  focus  compared  with  that  of 
tiie  ohjewt-lens.    In  this,  as  in  the  *^«-  ^^• 

fomer  instance,  the  office  of  the  objective  is  to  give  an  image^  and  ^^  «^^- 
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piece  magnifies  it  precisely  on  tlie  same  principle  that  it  would  magnify  any 
object.  In  Fig.  289,  L  W  is  the  objective,  and  E  E  the  eye-glass ;  the  rays 
from  a  distant  object,  0  B,  are  converged  so  as  to  give  a  focal  image,  M  I. 
This  being  viewed  through  the  eye-lens,  E  E  is  magnified,  and  is  also  in- 
verted. The  magnifying  power  of  the  telescope  is  foimd  by  dividing  the 
focal  length  of  the  objective  by  that  of  the  eye-lens. 

This  telescope,  of  course,  inverts,  and  tnerefore  is  not  well  adapted  for 
terrestrial  objects ;  but  for  celestial  ones  it  answers  very  well. 

The  Tereesteial  Telescope  consists  of  an  object-lens,  like  the  foregoing, 
but  in  its  eye-piece  are  three  lenses  of  equal  focal  lengths.  The  combination 
is  represented  in  Fig.  290,  in 
which  L  N  is  the  obj ect-lens, 
and  E  E,  F  F,  G  G  the  eye« 
lenses,  placed  at  distances 
from  each  other  equal  to 
double  their  focal  length. 
The    progress  of  the  rays  j,.     jqq 

through  the  object-lens  and  *. 

the  first  eye-glass  to  X  is  the  same  as  in  the  astronomical  telescope ;  but, 
after  crossing  at  X,  they  are  received  on  the  second  eye-lens,  which  gives  an 
erect  image  of  them  at  i  m,  which  is  viewed,  therefore,  in  the  erect  position 
by  the  last  eye-lens,  G  G. 

As  the  distance  at  which  the  image  forms  from  the  object-Ions  is  dependent 
on  the  actual  distance  of  the  object  itself,  one  which  is  near  giving  its  image 
farther  off  than  one  which  is  distant,  it  is  necessary  to  have  the  means  of 
adjusting  the  eye-piece,  so  as  to  bring  it  to  the  proper  distance  from  the 
image,  M  I.  The  object-lens  is  therefore  put  in  a  tube  longer  than  its  own 
focus,  and  in  this  a  smaller  tube,  bearing  the  three  eye-lenses,  immovably 
fixed,  slides  backward  and  forward ;  this  tube  is  drawn  out,  until  distinct 
vision  of  the  object  is  attained. 

Reflecting  Telescopes  are  of  several  different  kinds.  They  have 
received  names  from  their  inventors. 

Heechel's  Telescope  consists  of  a  metallic  concave  mirror,  set  in  a  tube 
in  a  position  inclined  to  the  axis.  It  of  course  gives  an  inverted  image  of 
the  object  at  its  focus,  and  the  inclination  is  so  managed  as  to  have  the 
image  form  at  the  side  of  the  tube.  There  it  is  viewed  by  an  eye-lens, 
which  shows  it  magnified  and  inverted.  The  back  of  the  observer  is  turned 
to  the  object,  and  the  inclination  of  the  mirror  is  for  the  purpose  of  avoiding 
obstruction  of  the  light  by  the  head. 
Newton's  Telescope  consists  of  a  concave  mirror,  A  R,  Fig.  291,  with 

its  axis  parallel  to  that  of  the 

tube,  D  E,  F  G,  in  which  it  is 

set.     The  rays  refiected  from 

it  are  intercepted  by  a  plane 

mirror,  CK,  placed  at  an  angle 

of  45°,  on  a  sliding  support,  w. 

Fig.  291.  They  are,  therefore,  refiected 

towards  the  side  of  tiie  tube,  the  image,  i  m,  forming  at  I  My  an  eye-glass 

at  L  magnifies  it. 

[The  Cassbgea-IEIan  Telescope. — The  great  speculum  of  this  instrument 
is  perforated  like  the  Gregorian ;  but  the  rays  converging  from  the  surfiEU^  ' 


H_ 


KATUSAL  PHELOSOPHT.  167 

of  the  mirror,  A  B,  Fig.  292,  towards  the  focus  a,  are  intercepted  before 
they  reach  that  point  by  a  small  convex  mirror,  d,  not  sufficiently  con- 
vex to  make  the  rays  diveigent, 

but  of  such  a  curvature  as  to  pre-     q a 

vent  them  from  coming  to  a  focus  ^     '  f 

till  they  are  thrown  back  to  5, 
near  the  aperture  in  A  B,  where 

they   form   an  inverted   image, 

which  is  viewed  by  the  eye-piece      •*  „.     „. 

E.     This   construction  has    the  ^^^'  ^l*^* 

advantage  of  requiring  a  shorter  tube  than  the  Gregorian ;  but  the  inver- 
sion of  the  image  is  not  corrected ;  and  for  this  reason  probably  it  has  not 
been  much  used. 

[The  small  mirror,  d,  is  adjusted  by  means  of  a  rod  turning  on  a  shoulder 
near  the  eye-end  of  the  tube  (the  same  as  in  the  G-regorian  telescope), 
and  connected  by  a  screw  with  the  apparatus  which  carries  the  wire  to 
which  the  mirror  is  attained. — Brande^s  ^^  Diet,  of  Science ,  Literature  and 
Arty"  p,  1220.] 

The  Geegoeia-N  Telescope  has  a  concave  mirror,  A  R,  Fig.  293,  with  an 
aperture,  L,  in  its  centre.     The  rays  from  a  distant  object,  0  B,  give,  as 

before,  an  inverted  image,  M  I. 
They  are  then  received  on  a  small 
concave  mirror,  K  C,  placed  front- 
ing the  great  one.  This  gives  an 
erect  image,  which  is  magnified  by 
the  eye-lens,  P. 

The  magnifying  power  of  any  of  these  instruments  may  be  roughly  esti- 
mated by  looking  at  an  object  through  them  with  one  eye,  and  directly  at  it 
with  the  other,  and  comparing  the  relative  magnitude  of  the  two  images.  In 
Herchers  telescope  the  back  of  the  observer  is  toward  the  object,  in  Newton's 
his  side,  but  in  Gregory's  he  looks  directly  at  it.  The  latter  is,  therefore, 
by  far  the  most  agreeable  instrument  to  use.  The  largest  telescopes  hitherto 
constructed  are  upon  the  plan  of  Herschel  and  Newton. 

[Lord  Rosse's  Telescope,  which  is  nearly  60  feet  long,  with  its  huge 
wooden  tube;  Mr.  Lassell's,  with  its  sheet-iron  tube,  and  the  Ceaig 
Telescope,  are  all  wonders  of  modem  science.  Our  readers  have  already 
become  familiar  with  the  last  instrument,  as  we  gave  a  description  and  illus- 
tration of  it  in  a  previous  section.] 

"When  Sir  Isaac  Newton  discovered  the  compound  nature  of  light,  by 
prismatio  analysis,  he  came  to  the  conclusion  that  the  refracting  telescope 
eould  never  be  a  perfect  instrument,  because  it  appeared  imnossible  to  form 
an  ima^e  by  a  convex  lens,  without  its  being  coloured  on  tne  edges  by  the 
dispersion  of  light.  He  therefore  turned  his  attention  to  the  reflecting 
telescope,  and  invented  the  one  which  bears  his  name.  He  even  manu- 
fSaotnred  one  with  his  own  hands.  It  is  still  preserved  in  the  cabinet  of  the 
Boyal  Society  of  London.  ^ 

But  after  it  was  discovered  that  refraction  without  dispersion  can  be 
effected,  and  that  lenses  can  be  made  to  form  colourless  images  in  their  foci, 
the  principle  was  at  once  applied  to  the  telescope  ;  and  hence  originated 
that  most  valuable  astronomical  instrument,  the  Achromatic  Telescope. 

In  this  the  object-glass  is  of  course  compound,  consisting,  as  repreaeiLt^ 
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in  Fig.  294,  of  one  crown  and  one  ilint-glafls  lens ;  or  as  represented  in  Fig.  295^ 
of  one  flint  and  two  crown-glass  lenses.  The  principle  of  its  aotioD  liii»been 
described  in  Chapter  XL.  The  great 
expense  of  these  instruments  arises 
chiefly  from  the  costliness  of  the  flint 
glass,  for  it  has  hitherto  been  found 
difficult  to  obtain  it  in  masses  of  large 
size,  perfectly  free  from  veins  or  other 
imperfections.  S'evertheless  there  are 
instruments  which  have  been  con- 
structed  in  Germany,  with  an  aperture 
of  thirteen  inches.  Some  of  these  are 
mounted  on  a  frame,  connected  with  Fig.  294.  Fig.  296. 

a  clock  movement ;  so  that  when  the  telescope  is  turned  to  a  star  it  is  steadily- 
kept  in  the  centre  of  the  fleld  ot  view,  notwithstanding  the  motion  of  the- 
earth  on  her  axis.  Several  large  instiuments  of  this  description  are  now  in 
the  various  Observatories. 


SECTION  IX. — The  Pbopekties  of  Heat.— Theemotics. 
CHAPTEE  XLVIII. 

THE  PEOPEETIES  OF  HEAT. 

Melations  of  Light  and  Heat — Mode  of  Determining  the  Amount  of  Heat — 
The  Mercurial  Thermometer — Its  Fixed  Points — Fahrenheit's^  Centi- 
grade ^  Reaumur's  Thermometers — 2%e  Gas  Thermometer — Differential 
Thermometer — Solid  Thermometers — Comparative  Expansion  of  Gases, 
Liquids,  and  Solids. 

Whatever  may  be  the  true  cause  of  light,  whether  it  be  undulations  in. 
an  ethereal  medium,  or  particles  emitted  with  great  velocity  by  shining 
bodies,  observation  has  clearly  proved  that  heat  is  closely  allied  to  it. 

When  a  body  is  brought  to  a  very  high  temperature,  and  then  allowed  to 
cool  in  a  dark  place,  though  it  might  be  white-hot  at  first,  it  very  soon  be* 
comes  invisible,  losing  its  light  apparently  in  the  same  way  that  it  loses  its- 
heat.  And  we  shall  hereafter  find  the  rays  of  heat  which  thus  escape  from 
it  may  be  reflected,  refracted,  inflected,  and  polarised,  just  as  though  they 
were  rays  of  light. 

In  its  general  relations,  heat  is  of  the  utmost  importance  in  the  system  of 
nature.  The  existence  of  life,  both  vegetable  and  animal,  is  dependent  on 
it  ;*  it  determines  the  dimensions  of  all  objects,  regulates  the  form  tiiey 
assume,  and  is  more  or  less  concerned  in  every  chemical  change  that  takes- 
place. 

Every  object  to  j^rhich  we  have  access  possesses  a  certain  amount  of  heat, 
and  so  long  as  it  remains  at  common  temperatures,  may  be  touched  without 
pain ;  but  if  a  larger  quantity  of  heat  is  given  to  it,  it  assumes  qualities- 
that  are  wholly  new,  and  if  touched  it  bums. 

To  determine,  therefore,  with  precision  the  quantity  of  heat  which  is  pre-» 
sent  in  a  body  when  it  exhibits  any  particular  phenomenon,  it  is  neeessuy 
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that  we  should  be  fdmislied  with  some  means  of  effectmg  its  measurement. 
Instruments  intended  for  this  purpose  are  called  thermometers. 

[Much  doubt  exists  respecting  the  date  of  the  invention  of  the  thermome- 
ter, and  the  origioator  is  unknown ;  but  it  is  generally  considered  to  have 
been  invented  about  the  beginning  of  the  17th  century.  Vast  improve- 
ments have  been  made  in  its  construction  since  the  period  of  its  adoption. 
To  the  astronomer  Roemer  is  due  the  merit  of  having  proposed  mercury  as 
the  thermometer  fluid,  instead  of  tiie  linseed-oD.  used  by  Newton.  About 
1724  Fahrenheit  considerably  improved  the  instrument;  but  since  then 
little  or  no  improvement  has  token  place  in  it.] 

Of  thermometers  we  have  several  different  kinds.  Some  are  made  of 
solid  substances,  others  of  liquids,  and  others  of  gases.  "With  a  few  excep- 
tions they  all  depend  on  the  same  principle — ^the  expansion  which  ensues  in 
all  bodies  as  their  temperature  rises. 

Of  these  the  Mercurial  Thermometer  is  the  most  common,  and  for  the  pur* 
poses  of  science  the  most  generally  available.    It  consists  of  a  glass  tube, 
Fig.  296,  with  a  bulb  on  its  lower  extremity.    The  entire  bulb 
^^^^\  and  part  of  the  tube  are  filled  with  quicksilver,  and  the  rest  of 
^^      the  tube,  the  extremity  of  which  is  closed,  contains  a  vacuum. 
This  glass  portion  is  fastened  in  an  appropriate  manner  upon  a 
scale  of  ivory  or  metal,  which  bears  divisions,  and  the  thermo- 
meter is  said  to  be  at  that  particular  degree  against  which  its 
quicksibrer  stands  on  the  scale. 

If  we  take  the  bulb  of  such  an  instrument  in  the  hand,  the 
quicksilver  immediately  begins  to  rise  in  the  tube,  and  finally 
is  stationary  at  some  particular  degree,  generally  the  98th  in 
our  thermometers.  We  therefore  isay  the  temperature  of  the 
hand  it  98  degrees. 

In  effecting  a  measure  of  any  kind,  it  itf  necessary  to  have  a 
point  from  which  to  start  and  a  point  to  which  to  go.  The 
same  is  also  necessary  in  making  a  scale.  One  of  the  essential 
qualities  of  a  thermometer  is  to  enable  observers  in  all  parts  of 
world  to  indicate  the  same  temperature  by  the  same  degree.  A 
common  system  of  dividing  the  scale  must  therefore  be  agreed 
upon,  that  all  thermometers  may  correspond. 

If  we  dip  a  thermometer  in  melting  ice  or  snow,  the  qnick- 
silver  sinks  to  a  certain  point,  and  to  this  point  it  will  always 
come,  no  matter  when  or  where  the  experiment  is  made.  If  we 
dip  it  in  boiling  water,  it  at  once  rises  to  another  point.  Philo- 
sophers in  all  countries  have  agreed,  that  these  are  the  best 
Ry.  296.  fixed  points  to  regulate  the  scale  by,  and  accordingly  they  are 
now  used  in  all  thermometers.  In  the  Fahrenheit  thermometer,  which  is 
commonly  employed,  we  mark  the  point  at  which  the  instrument  stands,. 
when  dipped  in  melting  snow,  32°,  and  that  for  boiling  water,  212o,  and 
divide  the  iatervening  space  into  180  parts,  each  of  which  is  a  degree ;  and 
these  degrees  are  carriea  up  to  the  top  and  down  to  the  bottom  of  the  scale. 
[As  it  is  often  necessary  to  reduce  the  scale  of  one  of  the  various  thermo- 
meters in  general  use  to  the  corresponding  degree  of  another  instrument,  we 
consider  that  the  following  remarks,  extracted  from  **  Brande*s  Dictionary 
of  Sdenoe,  Literature,  and  Art,"  wUl  be  useful  to  many  of  our  readers : — 
•*  Fop  the  sake  of  perspicuity,  it  is  convenient  to  adapt  the  expresaiooa^ 
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three  distinct  cases.    Let  F  denote  degrees  of  Fahrenheit's  scale,  C  degrees 
of  the  Centigrade,  and  E  degrees  of  Beanmur ;  then 
Case  1. — For  all  temperatures  above  the  freezing  point,  F  —  32  =  f  C  . 

=:f    R. 

Case  2. — For  all  temperatures  between  the  freezing  point  and  the  zero  of 
Fahrenheit's  scale,  32  —  F==  —  fC  =  —  fR. 

Case  3. — For  all  temperatures  below  the  zero  of  Fahrenheit,  —  32  ^  F 
=  -fC  =  -.fR.;'] 

In  different  countries  other  divisions  are  nsed,  adjusted,  however,  by  the 
same  iixed  points.  The  Centigrade  thermometer  has,  for  the  melting  of  ice, 
0,  and  for  the  boiling  of  water,  100",  with  the  intervening  space  divided  in 
100  equal  degrees.  In  Reaumur's  thermometer,  the  lower  point  is  marked 
0,  and  the  upper  80*. 

The  philosophical  fact  upon  which  the  construction  of  the  thermometer 
reposes,  is,  that  quicksilver  expands  by  an  increase  of  heat,  and  is  contracted 
by  a  diminution  of  it ;  and  further,  tnat  these  expansions  and  contractions 
are  in  proportion  to  the  changes  of  temperature. 

But  for  particTilar  purposes  thermometers  have  been  made  of  oil,  of 
alcohol,  and  of  a  great  many  other  liquid  bodies,  and  give  rise  to  the  same 

general  results.  As  a  uniform  law  it  may  therefore  be  asserted  that  all 
quids  dilate  as  their  temperature  rises,  and  contract  as  it  descends. 
But  heat  determines  the  volume  of  gases  as  well  as  of  liquids.  If  we  take  a 
tube,  a.  Fig.  297,  with  a  bulb  at  its  upper  extremity,  5,  and  having  partly 
filled  the  tube  with  a  column  of  water,  coloured,  to  make  its 
movements  visible,  the  lower  end  dipping  loosely  into  some  of 
the  same  coloured  water,  contained  in  a  bottle,  c ;  on  touching 
the  bulb,  by  the  coloured  liquid  in  the  tube  is  pressed  down  by 
the  dilation  of  the  air,  and  on  cooling  the  bulb  the  liquid  rises, 
because  the  air  contracts.  And  were  the  bulb  filled  with  any 
other  gaseous  substance,  such  as  oxygen,  hydrogen,  &c.,  still 
the  same  thing  would  take  place.  So  gases,  like  liquids,  ex- 
pand as  their  temperature  rises,  and  contract  as  it  descends. 

Such  an  instrument  as  Fig.  297  passes  under  the  name  of  an 

Air  Thermometer.  Its  indications  are  not  altogether  reliable,  as 

may  be  proved  by  putting  it  under  an  air-pump  receiver,  when 

Fig.  297.     its  column  of  liquid  will  instantly  move  as  soon  as  the  least 

change  is  made  in  the  pressure  of  the  air.     It  is  affected,  therefore,  by 

changes  of  pressure  as  well  as  changes  of  temperature. 

There  is,  however,  a  form  of  air  thermometer  which  is  free  from  this 
difficulty.  It  is  the  Differential  Thermometer.  This  instrument  consists  of 
1^  a  tube,  a  by  Fig.  298,  bent  at  right  angles 
towards  its  ends,  which  terminate-  in  two 
bulbs,  c  d.  In  the  horizontal  part  of  the 
tube  is  a  little  column  of  liquid  marked  by 
the  black  line,  which  serves  as  an  index.  K 
the  bulb  c  is  touched  by  the  hand,  its  air 
dilates  and  presses  the  index  column  over  the 
scale ;  if  d  is  touched  the  same  thing  takes 
place,  but  the  column  moves  the  opposite 
way ;  if  both  bulbs  are  touched  at  once,  then  the  column,  pressed  equally  in 
opposite  directions,  does  not  move  at  all.    Of  course,  a  aiTnilftr  reasoning 
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applies  to  the  cooling  of  the  bulbs.  The  instmmeiit  is  therefore  called  a 
dinerential  thermometer^  because  it  indicates  the  difference  of  temperature 
between  its  bulbs,  but  not  the  absolute  temperature  to  which  it  is  exposed. 

In  the  same  manner  that  we  have  thermomettrs,  in  which  the  changes  of 
volume  of  liquids  and  gases  are  employed,  to  indicate  changes  of  tempera- 
ture, so,  too,  we  have  others  in  which  solids  are  used.  These  generally 
consist  of  a  strip  of  metal  which  is  connected  with  an  arrangement  of  levers 
or  wheels,  by  which  any  variations  in  its  length  may  be  multiplied.  The 
disturbing  agencies,  thus  introduced  by  this  necessary  mechanism,  interfere 
very  much  with  the  exactness  of  these  instruments.  And  hitherto  they 
have  not  been  employed,  except  for  special  purposes,  and  can  never  supplant 
the  mercurial  thermometer. 

It  being  thus  established  that  all  substances,  gases,  liquids,  and  solids, 
expand  as  their  temperature  rises,  and  contract  as  it  falls,  it  may  next  be 
remarked  that  great  differences  are  detected  when  different  bodies  of  the 
same  form  are  compared.  There  are  scarcely  two  solid  substances  which, 
for  the  same  elevation  of  temperature,  expand 
alike.  All  do  expand ;  but  some  more  and  some 
less.  In  the  case  of  crystalline  bodies,  even  the 
same  substance  expands  differently  in  different 
directions.  Thus  a  crystal  of  Iceland  spar  dilates 
less  in  the  direction  of  its  longer  than  it  does  in 
the  direction  of  its  shorter  axis.  The  same  holds 
good  for  liquids.  If  a  number  of  thermometers, 
a  b  Cj  Fig.  299,  of  the  same  size  be  filled  with 
different  liquids,  and  all  plunged  in  the  same 
vessel  of  hot  water,  /,  so  as  to  be  warmed  alike,  the  expansion  they  exhibit 
will  be  very  different.  Until  recently  it  was  believed  that  all  gases  expand 
alike  for  the  same  changes  of  temperature ;  but  it  is  now  known  that  minute 
differences  exist  among  them  in  this  respect.  For  every  degree  of  Fahren- 
heit's thermometer  atmospheric  air  expands  ^  of  its  volume  at  32o. 

Gases,  liquids,  and  solids  compared  together,  for  the  same  change  of 
temperature,  exhibit  very  different  changes  of  volume;  gases  being  the 
most  dilatable,  liquids  next,  and  solids  least  of  all.  This  probably  arises 
from  the  fact  that  the  cohesive  force,  which  is  the  antagonist  of  heat,  is 
most  efficient  in  solids,  less  so  in  liquids,  and  still  less  in  gases. 


Fig.  299. 


CHAPTER  LXIX, 

OF    KADTANT    HEAT. 

Path  of  Radiant  Heat — Velocity  of  Radiant  Heat—Effects  of  Surface — 
Imw  of  Reflection — Reflection  by  Spherical  3firrors — Theory  of  Exchanges 
of  Heat — Diathermanous  and  Athermanous  Bodies — Properties  of  Rock 
.Salt — Imaginary  Colouration, 

ExPEBiEifCE  shows  that  whenever  a  hot  body  is  freely  exposed  its  tem- 
perature descends,  until  eventuaUjr  it  comes  down  to  that  of  the  surrounding 
bodies.  There  are  two  causes  which  tend  to  produce  this  result.  They  are 
radiation  and  conduction. 
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All  bodies,  wliateyer  their  temperature  may  be,  radiate  heat  from  their 
surfaces.  It  passes  forth  ia  straight  Hues,  ana  may  be  reflected,  re&aeted, 
aad  polarised  like  Hght. 

The  rate  at  which  radiant  heat  mores  is  the  same,  in  all  probability,  as 
the  rate  for  light.  It  has  been  asserted  that  its  Telocity  is  only  fonr-Hfths 
f^At  of  light ;  but  this  seems  not  to  rest  upon  any  certain  foundation. 

As  respects  the  rapidity  or  facility  with  which  radiation  takes  place, 
much  depends  on  the  nature  of  the  surface.   The  experiments  of  Leslie  show 

that,   at  efofll  temperatures,  such  as  are 

smooth  are  far  less  ^ectiye  than  such  as  are 

rough.  This  result  he  established  by  taking 

a  cubical  metallic  yessel,  <?,  filled  with  h^ 

water,    the  four  yertical   sides    being   in 

different   physical   conditions — one    being 

polished,   a  second  slightly  roughened,   a 

third  still  more  so,  and  the  fourth  roughened 

and  blackened.   Under  these  circumstances, 

the  rays  of  heat  escaping  from  each  surface, 

I^ig.  300.  j^Q  jj.  ^j^g  turned  in  succession  toward  a 

metallic  reflector,  M,  raised  a  thermometer,  d,  placed  in  the  focus,  to  very 

different  degrees,  the  polished  one  producing  the  least  effect. 

Just  as  l&ht  is  reflected,  so,  too,  is  heat.  K  we  take  a  plate  of  bright 
tin,  and  hold  it  in  such  a  position  as  to  reflect  the  light  of  a  clear  fire  into  the 
face,  as  soon  as  we  see  the  light  we  also  feel  the  impression  of  the  heat.  The 
law  for  the  one  is  also  the  law  for  the  other — **the  angle  of  reflection  is 
equal  to  the  angle  of  incidence " — and  consequently  mirrors  with  curved 

surfaces  act  precisely  in  one  case  as 


they  do  in  the  other.  We  have 
already  shown,  Chapter  XXXVI., 
how  rays  diverging  from  the  focua 
of  a  mirror  are  reflected  parallel, 
and  how  parallel  rays  falling  on  a 
mirror  are  converged.  And  it  is 
upon  that  principle  that  we  account 
for  the  following  striking  experi- 
ment. In  the  focus  of  a  concave 
metallic  mirror  let  there  be  placed 
Fig.  301.  a  red-hot  ball,  a.  Fig.  301 ;  the  rays 

of  heat  diverging  from  it  in  right  lines,  a  Cj  a  d^  a  e,  a  f,  will  be  reflected 
parallel  in  the  lines  c  g^d  hy-e  i^f  k,  and,  striking  upon  the  opposite  mirror, 
will  all  converge  to  6,  in  its  focus.  If,  therefore,  at  this  point  any  small  com- 
bustible body,  as  a  piece  of  phosphorus,  be  placed,  it  will  instantly  take  fire, 
thoiigh  a  distance  of  twenty  or  fifty  feet  may  intervene  between  the  mirrors. 
Or,  if  the  bulb  of  an  air  thermometer  be  used  instead  of  the  phosphorus,  it 
will  give  at  once  the  indication  of  a  rapid  elevation  of  temperature. 

But  this  is  not  all ;  for  if,  still  retaining  the  thermometer  in  its  place,  we 
remove  away  the  red-hot  ball  and  replace  it  by  a  mass  of  ice,  the  ther- 
mometer instantly  indicates  a  descent  of  temperature — ^the  production  of 
cold.  At  one  time  it  was  supposed  that  this  was  due  to  cold  rays  which 
escaped  from  the  ice,  after,  the  same  manner  as  rays  of  heat ;  but  it  is  now 
admitted  that  the  effect  arises  from  the  circumstance  that  the  thermometer 
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bulb,  being  wanner  than  the  ioe,  radiates  its  heat  to  the  ioe,  the  tempera- 
ture of  which  ascends  precisely  in  the  same  manner  as  that  in  the  former 
experiment;  the  red-hot  ball,  being  the  warmer  body,  radiated  its  heat  to 
the  thermometer. 

In  fact,  these  experiments  are  nothing  more  than  illustrations  of  a  theory 
which  passes  under  the  name  of  "The  Theory  of  the  Exchanges  of  Heat. 
This  assumes  that  all  bodies  are  at  all  times  radiating  heat  to  one  another ; 
but  the  speed  with  which  they  do  this  depends  upon  their  temperature,  a 
hot  body  giving  out  heat  much  faster  than  one  the  temperature  of  which  is 
lower.  Thus,  if  we  have  a  red-hot  ball  and  a  thermometer  bulb  in  presence 
of  one  another,  the  ball,  by  reason  of  its  high  temperature,  will  give  more 
beat  to  the  bulb  than  it  receives  in  return ;  its  temperature  will  therefore 
descend  while  that  of  the  bulb  rises.  But  if  the  same  bulb  be  placed  in 
presence  of  a  mass  of  ice,  the  ice  will  receive  more  heat  than  it  gives, 
because  it  is  the  colder  body  of  the  two,  and  the  temperature  of  the  thermo- 
meter therefore  declines. 

All  bodies  are  at  all  times  radiating  heat,  their  power  of  radiation  depend- 
ing on  their  temperature,  increasing  as  it  increases,  and  diminishiTig  as  it 
diminishes. 

As  is  the  case,  with  light,  so,  too,  with  heat ;  there  are  substances  which 
transmit  its  rays  with  readiness,  and  others  which  are  opaque.  "We  there- 
fore speak  of  diathermanous  bodies,  which  are  analogous  to  the  transparent, 
and  athermanous,  which  are  like  the  opaque.  Among  the  former,  a  vacuum 
and  most  gaseous  bodies  may  be  numbered ;  but  it  is  remarkable  that  sub- 
stances wmch  are  perfectly  transparent  to  light  are  not  necessarily  so  to 
heat.  Glass,  which  transmits,  with  but  little  loss,  much  of  the  light  which 
falls  on  it,  obstructs  much  of  the  heat ;  and,  conversely,  smoky  quartz  and 
brown  mica,  which  are  almost  opaque  to  light,  transmit  heat  readily.  But 
of  all  solid  substances,  that  which  is  most  &ansparent  to  heat,  or  most  dia- 
thermanous, is  rock  salt ;  it  has  therefore  been  designated  as  the  glass  of 
radiant  heat.  If  a  prism  be  cut  from  this  substance,  and  a  beam  of  radiant 
beat  allowed  to  fall  upon  it,  it  undergoes  refraction  and  dispersion  precisely 
as  we  have  already  described  as  occurring  under  similar  circumstances  with 
a  glass  prism  for  light  in  Chapter  XXXIX.  And  if  convex  lenses  he  made 
of  rock  salt  they  converge  the  rays  of  heat  to  foci,  at  which  the  elevation  of 
temperature  may  be  detected  by  the  thermometer.  Heat,  therefore,  can  be 
refracted  and  dispersed  as  easily  as  it  can  be  reflected. 

If  we  take  a  convex  lens  of  glass  and  one  of  rock  salt,  and  cause  them  to 
form  the  image  of  a  burning  candle  in  their  foci,  it  will  be  found  on  exami- 
nation that  the  image  through  the  rock  salt  is  hot,  but  that  through  the 
glass  can  scarcely  affect  a  delicate  thermometer.  This  experiment  sets  in  a 
dear  light  the  difference  in  the  relations  between  glass  and  salt,  the  former 
permitting  the  light  to  pass,  but  not  the  heat,  the  latter  transmitting  bolli 
£oge^er. 

when  light  is  dispersed  by  a  prism,  the  splendid  phenomenon  of  the 
spectrum  is  seen.  But,  in  the  case  of  heat,  our  organs  of  sight  are  consti- 
tuted so  that  we  cannot  discover  its  presence,  and  therefore  fail  to  see  the 
oorzcsponding  result.  But  it  is  now  established  beyond  all  doubt,  that  in 
Uie  same  manner  that  there  are  modifications  of  flight  giving  rise  to  the 
YariooB  coloured  rays,  ao,  too,  there  are  oorraspondii^  qualities  of  radiant 
beat.    Moreover,  it  has  been  fully  proved  that,  as  stamed  glass  and  colou£^^ 
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solutioiis  exert  an  effect  on  white  light,  absorbing'  some  rays  and  letting 
others  pass,  the  same  takes  place  also  for  heat.  In  the  case  we  have  already 
considered — of  the  imperfect  diathermancy  of  glass — ^the  true  cause  of  the 
phenomenon  is  the  colouration  which  the  glass  possesses  as  respects  the  rays 
of  heat,  and  inasmuch  as  a  substance  may  be  perfectly  transparent  to  one 
of  these  agents  and  not  so  to  the  other,  so,  also,  a  body  may  stop  or  absorb 
a  given  ray  for  the  one,  and  a  totally  different  one  for  the  other.  Glass 
alh)W3  all  the  rays  of  light  to  pass  almost  equally  well,  but  it  obstructs 
almost  completely  the  blue  rays  of  heat.  The  colouration  of  bodies,  which 
has  already  been  described  as  arising  from  absorption,  may,  therefore,  be 
wholly  different  in  the  two  cases ;  and  as  our  organs  do  not  permit  us  to  see 
what  it  is  in  the  case  of  heat,  and  we  have  to  rely  on  indirect  evidence,  we 
speak  of  the  imaginary  or  ideal  colouration  of  bodies. 

If  heat,  like  light  (as  there  are  reasons  for  believing^  arises  in  vibratory 
movements  which  are  propagated  through  the  ether,  all  the  various  pheno- 
mena here  described  can  be  readily  accounted  for.  The  undulations  of  heat 
must  be  reflected,  refracted,  inflected,  undergo  interference,  polarisation, 
&c.,  as  do  the  undulations  of  light,  the  mechanism  being  the  same  in  both 
cases. 


CHAPTER  L. 

CONDUCTION  AND  EXPANSION. 


Good  and  Bad  Condtictors  of  Heat — Differences  among  the  Metals — Con- 
duction  and  Circulation  in  Liquids — Point  of  Application  of  Heat — Case 
of  Gases — Expansion  of  Gases,  Liquids^  and  Solids — Irregularity  of  JSr- 
pansion  in  Liquids  and  Solids — Regularity  of  Gases, , 

When  one  end  of  a  metallic  bar  is  placed  in  the  fire,  after  a  certain  time 
the  other  has  its  temperature  elevated,  and  the  heat  is  said  to  be  conducted. 
It  finds  its  way  from  particle  to  particle, — ^from  those  that  are  hot  to  those 
that  are  cold. 

But  if  a  piece  of  wood  or  of  earthenware  be  submitted  to  the  same  trial, 
a  very  different  result  is  obtained.  The  further  end  never  becomes  hot; 
proving,  therefore,  that  some  bodies  are  good  and  others  bad  conductors  of 
heat. 

The  rapidity  with  which  this  conduction  from  particle  to  particle  takes 
place,  depends,  among  other  things,  upon  their  difference  of  temperature. 
Thus,  when  the  bulb  of  a  thermometer  is  plunged  in  a  cup  of  hot  water,  for 
the  fiist  few  moments  its  column  runs  up  with  rapidity ;  but  as  the  thermo- 
meter comes  nearer  to  the  temperature  of  the  water,  the  heat  is  transmitted 
to  it  more  slowly. 

Of  the  three  classes  of  bodies,  solids  are  the  best  conductors,  liquids  next, 
and  gases  worst  of  all.  Of  solids,  the  metals  are  the  best,  and  among  the 
metals  may  be  mentioned  ffold,  silvery  copper.  Among  bad  solid  conductors 
we  have  charcoal,  ashes,  nbrouB  bodies — as  cotton,  silk  wool,  &c. 


NATUBAL  PHILOSOPHY. 


176 


That  the  metals  diflfer  very  much  in  this  respect  from  one  another,  may 
be  satisfactorily  proved  by  taking  a  rod  of  cojjper,  one  of  brass,  and  one  of 
iron,  bed,  Fig.  301,  of  equal  length  and  diameter,  and 
screwing  them  into  a  solid  metallic  Jball,  a,  having  placed  ? ' 
on  their  further  extremities  at  &  c  «?,  pieces  of  phosphorus, 
a  very  combustible  body.  Now,  if  a  lamp  be  placed  under 
the  ball,  it  will  be  found  that  the  heat  traverses  the  me- 
tallic bars  with  very  different  degrees  of  facility,  and  the 
phospliorus  takes  tire  in  very  different  times;  the  first 
that  inflames  is  that  on  the  copper ;  then  follows  that  on 
the  brass,  and,  a  long  time  after,  that  on  the  iron. 

Liquids  are,  for  the  most  part,  very  indifferent  con- 
ductors of  heat.  This  may  be  established,  for  example,  in  ^^S'  301. 
the  case  of  water,  by  taking  a  gkss  jar,  «,  Fig.  302,  nearly  filled  with  that 
substance,  and  introducing  into  it  the  bulb  of  a  delicate  air-thermometer,  e, 
so  that  a  very  short  space  intervenes  between  the  top  of  the  bulb  and  the 
surface  of  the  liquid.  If,  now,  some  sulphuric  ether  be  placed  on  that  sur- 
face, and  set  on  fire,  it  will  be  found  that  the  thermometer  remains  motion- 
less, and  we  therefore  infer  that  the  thin  stratum  inter- 
vening between  the  burning  ether  and  the  thermometer 
cuts  off  the  passage  of  the  heat.  More  delicate  experi- 
ments have,  however,  proved  that  the  liquid  condition  is 
not,  in  itself,  a  necessary  obstruction.  Even  water  does 
conduct  to  a  certain  extent ;  and  quicksilver,  which  is 
equally  a  liquid,  conducts  verv  well. 

But  experience  assures  us  that,  under  common  circum- 
stances, heat  is  uniformly  disseminated  through  liquids 
with  rapidity.  This,  however,  is  due  to  the  establish- 
ment of  currents  in  their  mass.  "We  have  seen  how 
readily  this  class  of  bodies  expands  imder  an  elevation  of 
temperature,  and  this  explains  the  nature  of  the  passage  of  heat  through 
them.  "When  the  source  of  heat  is  applied  at  the  bottom  of  a  vessel  contain- 
ing water,  those  particles  which  are  in  immediate  contact  with  the  bottom 
become  warmed  by  the  direct  action  of  the  fire,  and  they  therefore  expand. 
This  expansion  makes  them  lighter,  and  they  rise  through  the  stratum 
above,  establishing  a  current  up  to  the  surface.  Meantime  their  place  is 
occupied  by  colder  particles,  which  descend, 
and  these  in  their  turn  become  warm,  to  follow 
the  course  of  the  former.  Circulation,  there- 
fore, takes  place  throughout  the  Hquid  mass, 
in  consequence  of  the  establishment  of  these 
currents;  and  all  parts  being  successively 
brought  in  contact  with  the  hot  surface,  are 
all  equally  heated.  That  these  movements 
do  take  place,  may  be  proved  by  putting  into 
a  flask  of  water,  a,  F^.  303,  a  number  of  frag- 
ments of  amber,  adding  a  little  glauber  salt, 
to  make  the  specific  gravity  of  the  liquid  p.  , 
Fig.  303.  jnore  nearlythat  of  the  amber,  and  then  apply-  *^' ' 
ing  a  lamp,  currents  are  soon  set  up,  and  the  amber,  drifting  in  them,  marks 
oat  their  coarse  in  an  instructive  manner. 


Fig.  302. 


.304. 
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Such  currentB,  however,  whollj;  depend  on  the  point  of  application  of  the 
heat.  If  the  fire,  instead  of  being  applied  at  the  bottom  of  the  Tesael,  is 
applied  at  the  top,  as  in  Fig.  302,  then  the  liquid  can  never  be  -wanned. 
The  eause  of  the  morements  of  particles  is  their  becoming  lights — they 
therefore  float  upward ;  but  if  they  are  already  situated  on  the  surface,  of 
course  no  movement  can  take  place. 

With  respect  to  gases,  we  observe  the  same  peculiarity  that  we  do 
with  liquids.  Stricuy  speaking,  they  are  very  bad  conductors  of  heat; 
but,  from  the  mobility  of  their  parts,  it  is  very,  easy  to  transfer  heat 
readily  through  them,  provided  it  is  rightly  applied.  The  experiment 
represented  in  Fig.  304,  shows  how  easily  circulation  takes  place  in  them. 
Tf  a  piece  of  burning  sulphur  be  put  in  a  cup,  a,  and  a  jar  full  of  oxygen 
be  inverted  over  it,  the  combustion  goes  on  with  rapidity,  and  the  li^t 
smoke  that  rises  marks  out  very  well  the  path  of  the  moving  air.  It  rises 
directly  upward  &om  the  bummg  mass,  imtil  it  reaches  the  top  of  the  jar, 
and  then  descends  in  circular  wreaths  to  the  bottom. 


CHAPTER  LI. 

ca:pacits:  fob  heat  iitd  lateutt  b:eat. 

Illustration  of  the  Different  Capacities  of  Bodies  for  Heat — Standards  em- 
ployed— Process  by  Melting — Process  of  Mixtures — Effect  of  Compres- 
sion— Effect  of  Dilatation — Latent  Heat —  Caloric  of  Fluidity —  Caloric  of 
Elasticity — Artificial  Cold, 

Bt  the  phrase  "capacity  of  bodies  for  heat,"  we  allude  to  the  fact  that 
different  bodies  require  different  degrees  of  heat  to  warm  them  equally. 

An  experiment  will  serve  to  illustrate  this  important  fact.  If  we  take 
two  bottles  as  preciselv  alike  as  we  can  obtain  them,  and,  having  filled  one 
with,  water  and  the  otker  with  quicksilver,  set  them  before  the  same  fire,  so 
as  to  receive  equal  quantities  of  heat  in  equal  times,  it  wiU  be  found  iiiat 
the  water  requires  a  very  much  longer  exposure,  and  therefore  a  larger 
quantity  of  heat,  than  the  quicksilver,  to  raise  its  temperature  up  to  the 
same  point. 

Or  if  we  do  the  converse  of  this,  and  take  the  two  bottles  filled  with  their 
respective  liquids,  which,  by  having  been  immersed  in  a  pan  of  boiling 
water,  have  both  been  broumt  to  the  same  degree,  and  let  them  cool  &«ely 
in  the  air,  it  will  be  found  i£at  the  water  requires  much  more  time  than  the 
quicksilver  to  come  down  to  the  common  temperatures.  It  contained  more 
heat  at  the  hi^h  temperature  than  did  the  quicksilver,  and  required  more 
time  to  cool ;  it  has,  therefore,  a  greater  capacity  for  heat— or,  to  use  a  loose 
expression,  at  the  same  temperature  holds  more  of  it. 

There  are  several  different  ways  by  which  the  capacity  of  bodies  for  heat 
may  be  determined.  Thus  we  may  notice  the  times  they  require  for  warming, 
or  those  expended  in  cooling  in  a  vacuum.  Of  course  we  cannot  tell  the 
absolute  amount  of  heat  which  is  contained  in  any  substance  whatever,  and 
those  determinations  are   hence  relative— different  bodies  being  oompaxed 
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with  a  given  one  which  is  taken  as  a  standard.  For  these  purposes  water  is 
the  substance  selected  for  solids  and  liquids,  and  atmospheric  air  for  gases 
and  vapours. 

•  There  is  reason  to  believe  thut  the  atoms  of  all  simple  substances  have  an 
equal  capacity  for  heat;  and  that  all  compound  bodies,  composed  of  an 
equ^l  number  of  single  atoms  combined  in  one  and  the  same  manner,  have  a 
capacity  for  heat  which  is  inversely  as  their  specific  gravity. 

When  a  solid  substance  passes  into  the  liquid  form,  a  large  quantity  of 
heat  is  rendered  latent — that  is  to  say,  undiscoverable  to  the  thermometer. 
Thus  we  may  have  ice  at  32®  and  water  at  32**,  the  one  a  solid  and  the 
other  a  liquid ;  and  the  precise  reason  of  the  physical  difference  between 
them  is,  that  the  water  contains  about  140°,  which  the  ice  does  not — a 
quantity  which  is  occupied  in  giving  it  the  liquid  state,  and  is  insensible  to 
"Qie  thermometer. 

For  this  reason  the  transformation  of  a  solid  into  a  liquid  is  not  an  instan- 
taneous phenomenon,  but  one  requiring  time.  Ice  must  have  its  140®  of 
latent  heat  before  it  can  turn  into  water.  And,  conversely,  the  solidification 
of  a  liquid  is  not  instantaneous.  It  must  have  time  to  give  out  the  latent 
heat  tp  which  its  liquid  state  is  due. 

When  a  liquid  passes  into  the  form  of  a  vapour,  it  is  the  presence  o#  a 
large  quantity  of  latent  heat  which  gives  to  it  all  its  peculiarities.  Thus 
water,  in  turning  into  steam,  absorbs  nearly  1,000®  of  latent  heat;  and 
when  that  steam  reverts  into  the  liquid  state  the  heat  reappears. 

To  the  caloric  which  is  absorbed  during  fusion,  the  designation  of  e€iiorie 
of  fluidity  is  given — ^to  that  which  gives  their  constitution  to  vapours  the 
name  of  caloric  of  elasticity.  And,  as  different  bodies  reqtdre,  dunng  these 
changes^  different  quantities  of  heat,  there  are  famished,  in  the  works  on 
chemistry,  tables  of  the  caloric  of  fluidity  and  caloric  of  elasticity  of  all  the 
more  common  or  important  bodies.  Of  all  known  bodies  water  has  the 
sreatest  capacity  for  heat ;  and  in  consequence  of  the  great  amount  of  latent 
neat  it  contains,  it  is  one  of  the  great  reservoirs  of  caloric,  both  for  natiorSiI 
and  artificbl  purposes. 

Hence,  whenever  a  substance  melts,  it  absorbs  heat,  and  when  it  solidifies 
it  gives  out  heat.  When  a  substance  vaporizes  it  absorbs  heat,  and  when 
a  vapour  liquefies  it  evolves  heat. 


CHAPTER  LII. 

Oir  EVAPOEATION  AITD  BOILIWG. 


Phenomena  of  BoUing — Effect  of  the  Nature  of  the  Vessel  and  the  Pressure 
— Height  of  Mountains  determined — Effect  of  Increased  Pressure — 
Evcmoration — Evaporation  in  Vacuo — Effect  of  Te^nperature  on  a  Liquid 
in  Vacuo — Explanation  of  Boiling — Nature  of  Vapours, 

As  the  vaporization  of  liquids  is  connected  with  some  of  the  most  important 
mechanicfd  applications,  we  shall  proceed  to  consider  it  more  minutely. 

When  water  is  placed  in  an  open  vessel  on  the  fire  the  temperature  of  the 
-wliole  maM  ascends  on  account  of  the  currents  described  in  Chapter  L.  After 
a  tune,  minute  bubbles  make  their  appearance  on  the  sides  of  the  vessel ; 
tliese  rise  a  little  distance,  and  then  disappear ;  but  others  soon  take  their 
placet,  and  tiie  water,  being  thrown  into  a  rapid  vibratory  motion)  emit&  ^ 
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singing  soTind.  Immediately  after  this,  the  little  bubbles  make  their  way 
to  3ie  surface  of  the  li(]^uid,  and  are  followed  by  others  which  are  larger,  and 
the  phenomenon  of  boiling  takes  place.  The  heat  has  now  reached  212^, 
and,  it  matters  not  how  hot  the  fire  may  be,  it  never  rises  higher. 

Different  liquids  have  different  boiling  points,  but  for  the  same  body, 
under  similar  circumstances,  the  point  is  nearly  fixed.  It  is,  indeed,  in 
consequence  of  this  that  the  boiling  of  water  is  taken  as  the  upper  fixed 
point  of  the  thermometer. 

In  a  polished  vessel  water  does  not  boil  until  214° ;  but,  if  a  few  grains 
of  sand  or.other  angular  body  is  thrown  in,  the  temperature  sinks  to  212**. 

The  absolute  control  which  pressure  exerts  over  the  boiling  point  may  be 
shown  in  many  different  striking  ways.  Thus,  if  a  glass  of  warm  water  be 
put  under  the  receiver  of  an  air-pump  and  exhaustion  made,  the  water 
enters  into  rapid  ebullition,  and  continues  boiling  until  its 
temperature  goes  down  67®.  "Water  placed  in  a  vacuum 
will,  therefore,  boil  with  the  warmth  of  the  hand. 

Advantage  has  been  taken  of  this  fact  to  determine  the 
height  of  accessible  eminences.  For,  as  we  ascend  in  the 
air,  the  pressure  necessarily  becomes  less ;  the  superincum- 
bent column  of  the  atmosphere  being  shortened,  tne  boiling 
point  therefore  declines.  It  has  been  ascertained,  that  if 
we  ascend  from  the  ground  through  530  feet,  the  boiling 
point  is  lowered  one  de^ee ;  and  formulas  are  ^ven  by  which,  from  a 
knowledge  of  that  point,  in  any  instance  the  altitude  may  be  calculated. 

On  the  other  hand,  when  the  pressure  on  a  liquid  is  increased,  its  boiling 
point  ascends.  This  may  be  proved  by  taking  a  spherical  boiler,  a,  properly 
supported  over  a  spirit-lamp,  there  being  in  its  top  three 
openings ;  through  d  let  a  thermometer  dip  into  some  water 
which  half  fills  the  boiler ;  at  b  let  there  be  a  stop-cock 
which  can  be  opened  and  shut  at  pleasure ;  and  through  a 
third  opening  between  these,  let  a  tube  c,  pass,  dipping 
down  nearly  to  the  bottom  of  the  boiler  into  some  quioksUver 
which  is  beneath  the  water.  Now  let  the  water  DoH  freely 
and  the  steam  escape  through  b,  the  thermometer  will  mark 
212®.  Close  the  stop-cock  so  that  the  steam  cannot  get  out, 
but,  being  confined  in  the  boiler,  exerts  a  pressure  on  the 
sxirface  of  the  water,  which  is  indicated  by  the  rise  of  the 
mercury  in  the  tube.  As  the  column  rises  the  boiling  point 
rises,  and  if  the  instrument  were  adopted  to  show  the  results 
for  high  pressures,  it  might  be  proved  that  the  boiling  point — 


For  1  atmosphere  is  212° 

2  "  250.5 

3  "  275.2 

4  "  293.7 

5  •*  307.5 


For  10  atmospheres  is  358.8 
15  "  392.8 

20  «  418.5 

40  "  666.5 

50  «  690.7 


Besides  this  escape  of  vapour  from  liquids  during  the  act  of  boiling,  the 
same  is  continually  going  on  in  a  slow  and  motionless  way,  at  lower  tem- 
peratures. If  some  water  be  left  in  a  shallow  vessel  exposed  to  the  air, 
after  a  short  time  it  all  disappears.  To  this  phenomenon  uie  term  evapoira- 
tion  is  given. 

At  one  time  it  was  supposed  that  the  atmospheric  air  acted  on  evaporating 
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bodies  by  an  affinity  for  their  vaponrs,  in  the  same  way  that  a  sponge  will 
soak  up  water.  But  the  fallacy  of  this  idea  is  proved  by  the  fact  that 
evaporation  goes  on  more  rapidly  in  vacuo,  where  no  body  whatever  is  pre- 
sent, than  in  the  air.  Thus,  if  into  the  torricellian  vacuum  of  a  barometer 
we  pass  a  little  ether,  alcohol,  or  water,  the  moment  they  reach  the  void  they 
instantly  give  forth  vapour,  and  the  mercurial  column  is  depressed.  "With 
ether  the  depression  is  greatest,  with  alcohol  less,  and  with  water  least  of 
all.  Now,  when  we  consider  the  nature  of  the  barometer, 
and  the  force  which  keeps  the  column  of  mercury  suspended 
in  it,  it  is  very  clear  that  this  simple  method  affords  us  an 
easy  means  of  knowing  the  elastic  force  of  the  vapours 
evolved  from  any  of  these  substances :  for  the  mercurial 
oolmnn  is  depressed  through  the  operation  of  that  elastic 
force.  It  is  this  which  forces  it  downward,  while  the  pres- 
snre  of  the  air  tends  to  force  it  upward. 

By  thus  introducing  liquids  into  the  barometric  tube,  we 
have  the  means  of  determining  the  elastic  force  of  the 
vapours  to  which  they  give  rise ;  and  very  simple  experi- 
ments satisfy  us  that  mat  elastic  force  depends  upon  the 
temperature.  If  we  warm  the  tube.  Fig.  307,  by  moving 
over  it  the  flame  of  a  spirit-lamp,  the  depression  becomes 
greater ;  and  if  we  surround  it  by  means  of  warm  water  in 
a  wider  tube,  so  as  to  be  able  to  ascertain  with  accuracy  the  temperature 
applied,  we  shall  discover  that  as  the  heat  rises  the  elastic  force  of  the 
yaponr  increases,  and  that  the  mercurial  column  is  wholly  depressed  into  the 
cistern  as  soon  as  the  temperature  has  reached  the  boiling  point  of  the  liquid 
on  which  we  are  operating. 

Thus  let  A  be  a  deep  glass-jar,  filled  to  the  height  n  with  mercury,  and 
let  a  6  be  the  barometric  tube,  into  me  vacuum  of  whidi,  at 
m,  the  liquid  under  trial  has  been*  passed.  Let  a  wide  tube, 
r  c,  capable  of  holding  hot  water,  be  adapted,  by  means  of  a 
tight-fitting  cork,  at  «,  to  the  barometaic  tube.  Now  if, 
having  observed  the  depression  which  the  mercury  exhibits  at 
common  temperatures,  we  fill  the  tube,  r  c,  with  hot  water,  a 
still  greater  depression  is  the  immediate  result.  The  tempera- 
ture of  the  hot  water,  and  therefore  of  the  liquid  in  the 
barometer,  can  easily  be  determined  by  plunging  a  ther- 
mometer into  the  tube,  r  c. 

From  such  experiments,  therefore,  we  draw  this  important 
conclusion : — The  elastic  force  of  vapour  rising  from  a  liquid  at 
its  boiling  point  is  equal  to  the  pressure  upon  it.  If  the  ebul- 
lition be  taking  place  in  the  open  air,  it  is  there- 
fore equal  to  the  pressure  of  the  air. 

Wim  respect  to  the  nature  of  vapours,  there  is 
a  good  deal  of  popular  misconeeption.  Many 
persons  suppose  that  Hiey  are  naturally  of  a 
smoky  or  hazy  aspect.    But  if  we  repeat  the  ex- 

Seriment  represented  in  Fig.  309,  and  formerly 
escribed  in  Chapter  VI.,  we  shall  find  that  so 
far  as  tlie  vapour  of  ether  is  concerned,  it  is  per- 
footly  traniq^aient,  like  atmospheric  air,  and  by 
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proper  examination  the  same  may  be  verified  for  aJl  other  vapours.  The 
true  peculiarity  is  the  facilitv  with  which  this  form  of  bodies  assumes  the 
liquid  state.  The  moment  the  pressure  of  the  air  is  restored,  in  this  experi- 
ment, the  ethereal  vapour  collapses  into  the  liquid  condition. 

The  same  fact  may  be  illustrated  in  another  way.     If  we  take  a  mattrass^ 

a,  Fig.  310,  and  fill  the  bulb  and  tube  of  it  with  water, 

and  then  introduce  a  little  sulphuric  ether  into  its  upper 

part,  the  mouth  dipping  beneath  some  water  contained 

in  a  jar,  on  heating  the  bulb  by  a  spirit-lamp,  the  ether 

presently  vaporizes.    It  may  now  be  remarked — 1st,  that 

a  vapour  occupies  a  great  deal  more  space  than  the  liquid 

from  which  it  comes;    2nd,  that  it  has  not  a  misty 

appearance ;  3rd,  that,  under  a  reduction  of  temperature, 

it  collapses  into  the  liquid  state — for,  on  removing  tilie 

lamp,  and  suffering  the  bulb  to  cool,  the  vapour  disappears. 

Either  by  diminution  of  temperature  or  increase  of  pressure,  vapours  may 

be  condensed  into  the  liquid  sjbate,  and  in  this  consists  the  chief  distinction 

between  them  and  gases. 


CHAPTER  Lin. 


THE      STEAM-ENGINE. 

Elementary  Steam  Engine — Forms  of  this  Machine — Descriptiori^of  the 
Sigh-Pressure  Engine — Principle  of  the  Low-Pressure  Engine,  Descrw^ 
tion  of  the  Double- Acting  Engine — Estimate  of  Performance, 

On  the  elastic  force  of  steam,  and  on  the  rapidity  with  which  it  is  con- 
densed by  application  of  cold,  the  construction  of  the  different  forms  of 
steam-engine  depends. 

The  instrument  represented  in  Fig.  311,  gives  a  clear  idea 
of  the  elementary  parts  of  a  steam-engine.  It  consists  of  a 
cylindrical  glass  tube,  B,  terminating  in  a  bulb,  A.  In  the 
tube  a  piston  moves  up  and  down,  air-tight,  and  a  little 
water  having  been  placed  in  the  bulb,  it  is  brought  to  the 
boiling  point  by  the  application  of  a  lamp.  As  the  steam 
forms,  it  presses  the  piston  upward  by  reason  of  its  elastic 
force,  and,  on  dipping  the  bulb  into  cold  water,  the  steam 
condenses  aud  produces  a  partial  vacuum,  the  piston  being 
driven  downward  by  the  pressure  of  the  air. 

There  are  a  great  many  modifications  of  the  steam-engine. 
They  may,  however,  for  the  most  part,  be  reduced  to  two 
kinds:  1st,  High-pressure  engines;  2nd,  Low-pressure 
engines. 

The  high-pressure  engine,  which  is  the  simplest  of  the  two 
forms,   consists  essentially  of  a  very  strong  iron  vessel  or 
boiler,  in  which  the  steam  is  generated;  a  cylinder  in  which  a       j-j^^  31L 
steam-tight  piston  moves  backward  and  forward ;  an  arrange- 
ment of  valves  or  cocks,  so  adjusted  as  alternately  to  admit  the  steam  flibove 
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and  below  the  piston,  and  also  alternately  to  let  it  escape  into  the  air';  and, 
lastly)  a  suitable  contriTance  by  which  the  osculations  of  the  piston 
may  be  converted  into  other  kinds  of  motion,  suited  to  the  work 
which  the  engine  has  to  perform. 

The  action  of  the  steam  in  one  of  thpse  machines  may  be  under- 
stood from  the  annexed  diagram,  Fig.  312.  Let/  be  the  cylinder, 
in  which  a  solid  piston,  c,  moves,  steam-tight,  and  let  us  suppose 
the  piston  near  to  the  bottom  of  the  cylinder.  The  steam  is  now 
admitted  through  an  aperture,  a,  and  by  its  elastic  force  pushes  the 
piston  to  the  top  of  the  cylinder.  The  movement  of  the  piston-rod 
rearranges  the  openings  into  the  cylinder,  closing  at  a  particular 
moment  a,  through  which  the  steam  has  already  come,  and  opening 
b ;  simultaneously,  also,  it  opens  c  and  closes  d.  Through  c,  from 
the  boiler,  a  fresh  supply  of  steam  arrives,  while  it  is  shut  off  from 
a.  This  steam  cannot  escape  through  d,  because  that  is  closed — 
it  therefore  takes  effect  upon  the  piston  and  pushes  it  downward, 
all  the  vapour  beneath  escaping  out  into  the  air  through  h,  which 
Fig.  312.  ]j|^g  ijggj^  opened.  This  downward  movement  of  the  piston-rod  re- 
^trranges  all  the  valves,  reversing  the  positions  they  have  just  had.  It 
therefore  opens  a,  shuts  b ;  opens  d,  and  shuts  e.  Steam  now  comes  in  from 
the  boiler,  through  a,  but  cannot  escape  through  b ;  it  therefore  pushes  up 
i&e  piston,  driving  out  the  steam,  which  is  on  its  opposite  side,  through  a, 
and  in  this  way  a  reciprocating  motion  is  produced. 

The  means  of  opening  and  shutting  the  a^rtures  leading  into  the  cylinder 
at  the  proper  moment  £ffer  in  different  engioes — sometimes  cocks  are  used, 
and  sometimes  sliding- valves. 

.  In  this  engine,  therefore,  the  piston  moves  in  both  ways  against  the  pres- 
jsaie  of  the  air.  The  steam  must  be  necessaerily  raised  from  water  at  a  nigh 
boiling  point,  and  hence  these  machines  are  much  more  liable  to  accident 
ithan  the  low-pressure  engine,  now  to  be  described. 

The  rapid  condensibility  of  steam — a  principle  intimately  concerned  in 
ihe  action  of  Ijie  low-pressure  engine — ^may  be  illustrated  in  the  following 

manner : — Take  a  glass  flask,  a.  Fig.  313, 
and  adjust  to  its  mouth  a  wide  bent  tube, 
bf  both  ends  of  which  are  open,  having  pre- 
viously placed  a  quantity  of  water  in  the 
flask.  Apply  the  ilame  of  a  spirit-lamp, 
and  bring  the  water  to  the  boiling  point, 
continuing  the  ebullition  until  all  the  air  is 
driven  out  of  the  flask,  and  nothing  but 
steam  remains.  Then  dip  the  open  end 
of  the  tube  into  the  jar,  e,  containing  some 
cold  water,  and  remove  the  lamp;  the 
steam  in  the  tube  will  at  once  begin  to  con- 
dense, through  the  influence  of  the  cold 
-water,  which  soon  rises  over  the  bent  portion,  and  precipitates  itself  into  the 
ibudc.  often  with  so  much  violence  as  to  break  it  to  pieces. 

Of  the  low-pressure  engine  we  have  varieties — such  as  the  single-acting 
and  the  double-acting  engine.  In  the  former,  the  piston  is  driven  one  way 
l>y  means  of  steam  acting  against  a  vacuum,  returning  the  other  way  by  the 
•ooonterpoisin^  weight  of  the  machinery.  The  machine,  therefore,  in  reality, 
is  only  m  action  during  half  its  motion. 
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The  donble-aoting  engine  has  the  steam  employed  to  produce  both  the  as- 
cent and  descent  of  the  piston  into  a  yacanm  on  toe  opposite  side. .  It  there- 
fore works  continnouslj. 

In  expansive  engines  the  sup- 

ply  of  steam,  instead  of  being 
continued  during  the  entire  ascent 
or  descent  of  the  piston,  is  cut  oft 
when  the  movement  is  one-half 
or  one-third  accomplished;  the 
expansion  of  that  steam  driving 
the  piston  through  the  rest  of  l^e 
cylinder. 

The  following  is  a  description 
of  the  double-acting  engine.  Fig. 
314  represents  the  boiler  and  its 
appurtenances;  Fig.  315  the 
engine. 

B  B,  Fig.  314,  is  the  boiler,  of 
a  cylindrical  shape,  the  fire,  F  F, 
is  applied  beneath ;  W  W  is  the  ^'  ^^^• 

water-level,  and  S  is  occupied  by  steam.  At  ^  ^  there  is  a  bent  glass  tube, 
open  at  both  extremities,  and  so  arranged  that  one  end  is  in  the  steam  space, 
and  the  other  in  the  water ;  it  serves  to  show  the  level  of  the  water  in  the 
boiler.  In  some  cases,  two  cocks,  c  and  d^  are  inserted  in  the  boiler,  one 
entering  into  the  steam  part  and  one  beneath  the  water.  On  opening  them, 
if  the  water  is  at  its  proper  level,  steam  will  escape  from  the  upper,  and 
water  from  the  under  one.  If  there  is  too  much  water,  it  escapes  from  both. 
The  boiler  is  continually  replenished  by  the  feed-pipej  the  nature  of  which 
has  been  explained  in  Chapter  XIV.  At  M  there  is  a  barometer-gauge,  to 
show  the  elastic  force  of  the  steam ;  at  e  a  ^  a  safety-valve,  with  its  weight, 
w ;  this  opens  upward,  so  that,  should  the  elastic  force  in  the  interior  of  the 
boiler  become  too  great,  the  valve  opens,  and  the  steam  escapes.  ,  On  the 
contraiy ,  to  prevent  the  boiler  being  crushed  in  by  the  atmospheric  pressure, 
when  the  expansive  force  of  the  steam  happens  to  decline,  there  is  a  second 
valve  at  U,  with  its  lever,  a  chy  and  weight,  tr,  which  opens  inward,  that 
when  the  external  pressure  exceeds  the  weight  the  air  may  find  access  to 
the  inside  of  the  boiler.  And,  as  it  is  necessary  from  time  to  time  to  clear 
the  boiler  from  the  incrustations  or  deposits  of  salt  and  other  impurities, 
there  is  an  opening,  as  at  L,  through  which  access  can  be  had.  This,  of 
course,  is,  at  other  times,  securely  closed.  Lastiy,  from  the  boiler  there 
passes  the  steam-pipe,  «,  which  is  opened  by  the  valve  at  N. 

Fi^.  315  represents  the  engine,  properw  speaking.  At  2  z  it  should  be 
imagined  as  being  continuous  with  z  z  of  Fig.  314 ;  scT  that  in  both  figures 
the  tubes  t  i  and  s  s  are  continuous.  In  both,  s  is  the  tube  along  which  the 
steam  from  the  boiler  is  delivered  to  the  cylinder— passing  through  the 
four-way  cock,  a,  either  down  through  a  or  up  through  6,  into  the  cylinder 
C,  in  which  the  piston,  P,  moves.  Admission  for  the  steam,  above  or  belpw 
the  piston,  is  regulated  by  a  sj[stem  of  levers,  y  y,  the  necessary  motion 
being  communicated  by  the  machine  itself.  The  piston-rod,  £,  is  connected 
with  the  beam,  B  F,  working  on  the  falcrum,  A.  The  connecting-rod  is 
F  R.  At  R  it  is  attached  to  the  crank  by  a  pivot,  H  H  H,  beuu"  the  fly- 
wheel,  the  revolution  of  which  gives  xmiformity  to  the  motion.  .  The  steam/ 
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after  elevatiiig  or  depressing  the  piston,  passes  throngli  the  ednction-pipe, 
f  f^  into  the  condenser,  J,  which  is  immersed  in  a  cistern,  L,  of  cold  water. 
In  this  it  is  condensed  into  water  by  a  jet  which  passes  through  the  injec- 
tion cock.  The  resulting  warm  water  is  pumped  out  by  the  air-pump,  0, 
into  the  hot  well,  W ;  thence  it  is  carried,  oy  tne  hot- water  pump,  6,  along 
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the  feed-pipe,  1 1,  into  the  boiler.  The  cold-water  pump,  S,  supplies  the 
reserYoir  with  cold  water.  All  the  pumps  are  worked  by  the  beam  of  the 
engine.  The  supply  of  steam  is  regulated  by  tiie  governor,  G,  so  as  to  be 
ke^  constant. 

The  nerformance  of  steam-engines  is  commonly  estimated  by  horse-power. 
The  yalue  of  the  power  of  one  horse  is  a  force  sufficient  to  raise  33,000 
pounds  one  foot  high  in  one  minute. 
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We  will  now  explain  how  motion  is  oommnnicated  to  the  fly- wheel,  and 
tiienoe  to  machinery.  This  we  can  explain  without  a  diagram.  Yon  have, 
we  dare  say,  often  watched  a  knife-grinder,  ajod  perhaps  examined  his 
grinding  apparatus.  You  obserre  that  he  pate  his  foot  upon  a  treadle,  from 
which  a  strap  passes  to  a  crooked  part  of  the  axis  of  the  fly-wheel.  This 
part  is  called  a  crank.  Now,  tbere  is  just  such  a  crank  upon  the  axis  of  the 
ny-wheel  of  a  steam-engine.  If,  then,  you  imagine  a  rod,  or  strap,  to  pro- 
ceed from  one  end  of  the  beam  to  this  crank,  you  will  at  once  see  that  it  will 
revolve  as  the  beam  goes  up  and  down ;  in  fact,  the  beam  and  rod  only 
supply  the  place  of  the  knife-grinder's  treadle  and  strap.  This  fly-wheel 
is  of  great  use ;  it  is,  as  it  were,  a  reservoir  of  work,  for  it  soon  attains  a 
steady  equal  motion  ;  and  if  it  should  happen  that  at  certain  times  there  is 
less  work  to  be  done,  the  extra  power  of  the  engine  is  accumulated  in,  and 
taken  up  by,  the  fly-wheel ;  and  the  momentum  it  acquires  also  prevents  the 
engine  m>m  stopping  suddenly,  and  it  is  thus  calculated  to  give  an  uniform 
motion  to  the  machinery  connected  with  it. 

The  giant  power,  from  earth's  remotest  caves, 
Lifts  with  strong  arm  her  dark  reluctant  wares  ; 
Each  cavern' d  rock,  ind  hidden  den  exj^kmt, 
Drags  her  dark  coak.  and  digs  her  shinmg  ores : 
Next  in  close  cells  of  ribbed  oak  confined^ 
Gale  after  gale,  he  crowds  the  struggling  wind ; 
The  imprison' d  stoms  through  brazen  nostrik  roar, 
Fan  the  white  flame,  and  fuse  the  sparkling  ore. 
Here,  high  in  air,  the  rising  stream  ne  pours, 
To  elay-oullt  cisterns,  or  to  lead-lined  tawen ; 
Fresh  through  a  thousand  pipes  the  ware  distiif, 
.And  thirsty  dtiet  drink  th'  exuberant  rills : 
There  the  v«flt  millttme,  with  inebriate  whiii. 
On  trembling  flocm  his  fbreetuL  flngen  twirl. 
Whose  flmtj  teeth  the  golden  harvests  grind. 
Feast  without  blood,  and  nourish  human  kind. 
Now  his  hard  hands  on  Kona's  rifted  ^reit, 
Boeom'd  in  rock  her  azure  ores  arrest ; 
With  iron  lips  his  rapid  rollers  seize 
The  leiM^thening  bars,  in  thin  expansion  squeeze ; 
Desceniung  screws,  with  ponderous  fly-wheels  wound 
The  tawny  plates,  the  new  medallions  round ; 
Hard  dies  of  steel  the  capeous  circles  cramp, 
And  with  quick  fall  his  massy  hammers  stamp. 
The  harp,  the  lily,  and  the  hon  join, 
And  GeoKe  and  iBritain  guard  the  sterling  coin. 
^         Soon  shall  thy  arm,  uncon^uered  steam !  afar 
Drag  the  slow  barge,  or  drive  the  rapid  car ; 
Or  on  wide- waving  wings,  expanded  bear^ 
,  The  flying  chariot  througa  the  fields  of  air. 
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POPULAR   GEOLOGY. 


INTRODUCTORY  CHAPTER. 

THE   MATEBIAL  OBIGIN  OF  THE  GLOBE. 

1.  The  name  Geology  is  derived  from  two  Ghreek  words,  ge,  signifying  the 
earth;  and  logoSf  a  discourse;  and  which,  together,  may  be  trana^ited 
as  reasoning  about  the  structure  of  the  earth,  or  simply  the  science  of 
the  earth. 

2.  The  objects  of  Geology  are  to  produce  a  true  history  of  the  origin  and 
structure  of  the  globe ;  of  the  changes  which  it  has  undergone ;  of  the 
various  tribes  of  plants  and  animals  which  have  at  different  pNeriods  occupied 
its  surface ;  and,  lastly,  to  reason  from  the  known  state  of  things  in  tiie  past 
to  the  probable  state  of  things  in  the  future. 

3.  Cosmogony y  necessarily  a  part  of  Geology, — ^As  to  the  origin  of  the 
earth,  many  Geologists  appear  to  think  that,  as  the  utmost  efforts  of  man's 
mind  can  only  enable  him  to  speculate  upon  this  vast  mystery,  it  should  be 
altogetiier  dismissed  from  the  region  of  Geological  science.  Hatton  says, 
Geology  is  in  nowise  concerned  with  questions  as  to  the  origin  of  things ; 
and  Lyell,  that  Geology  differs  as  widely  from  Cosmogony,*  as  speculations 
concerning  the  mode  of  the  first  creation  of  man  differ  from  history.  Now, 
these  genUemen  would  be  the  last  to  say,  that  between  the  material  mode 
of  originating  the  world,  and  its  existm^  structure,  there  is  an  impassable 
barrier ;  or,  in  other  words,  that  there  is  no  cause  in  the  first  bearing  a 
distinct  relation  to  effects  in  the  second.  They  both  believe  just  the  con- 
trary^. Geology,  therefore,  has,  we  think,  rightly  concerned  itself  with  the 
origm>  of  the  ^obe,  and  must  continue  to  do  so.  6ut  let  us  not  be  mistaken. 
Crude  speculations  on  such  a  theme  are  worse  than  useless ;  they  are,  so  to 
speak,  irreverent.  Men  should  come  to  such  a  subject  with  something  of  the 
spirit  that  imbued  those  who  were  privileged  to  enter  the  Holv  oi  Holies 
in  the  ancient  Jewish  temples.  The  nigh-priests  of  knowledge  alone  should 
walk  here. 

4.  Laplace^ s  Theory, — The  philosopher  whose  speculations  on  the  ori^ 
of  the  world  have  stood  without  injury  the  test  of  time,  and  an  unceasing 
comparison  with  all  the  known  phenomena  of  the  solar  system,  is  the  French 
astronomer  and  mathematician,  Laplace.  The  following  theory  is  founded 
upon  his  views.  Yast  extensions  of  luminous  and  heated  matter  exist  in 
space.  In  one  of  tiiese  a  nucleus  is  established  and  becomes  a  centce  of 
aggregation  to  the  neighbouring  particles.  As  they  flow  on  in  varying  direc- 
tions, opposing  currents  are  form^,  which  meet,  and  cause  a  rotatory  motion 

*  The  scientific  word,  especially  ezpresdye  of  speculations  on  the  origin  and  creation 
of  the  world. 
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to  take  place ;  just  as  we  may  see,  in  the  waters  of  a  running  stream,  little 
bubbles  appear,  go  round  and  round,  strike  against  each  other,  then  mingle 
perhaps  into  one,  and  still  continue  to  rotate.  As  the  nucleus — or  Sun,  lor 
it  is  tnat  of  which  we  speak— increases  in  size,  so  it  increases  in  rapidity ; 
and  should  condensation  take  place  through  the  loss  of  heat,  arising  from  a 
difference  of  temperature  between  the  heated  nebulous  matter  and  the  colder 
surrounding  space,  that  would  also  accelerate  speed.  At  last  the  centrifugal, 
or  flying-otf  force,  overcomes  the  agglomerating  or  centripetal  force,  and 
mass  after  mass  is  thrown  off  in  the  form  of  rin^s  or  zones.  If  these  happen 
to  be  of  uniform  constitution,  they  preserve  their  shape,  as  in  the  instance  of 
the  rings  of  Saturn,  thrown  off  originally  in  the  same  way  from  the  planet, 
as  the  planet  itself  was  thrown  off  from  the  primary  body,  the  Sun.  If  the 
zones  are  not  thus  uniform  in  their  constitution,  they  break  up  into  one  or 
more  masses,  having  the  same  degree  of  speed  and  the  same  orbital  line  of 
progress  as  the  parent  zone  possessed  before  its  separation  from  the  main 
body,  and  rotating  in  consequence  of  the  excess  of  speed  existing  in  the 
outer  as  compared  with  the  inner  portion  of  the  zone.  Thus,  it  is  presumed, 
our  world  and  the  other  planetary  bodies  was  formed  from  the  sun ;  and  thus, 
by  a  repetition  of  the  same  process,  were  the  moon  and  other  planetary 
aatellites  formed  from  the  planets. 

5.  Original  Dimensions  of  the  Sun, — If  this  view  becorrect,  the  original 
dimensions  of  the  Sun  in  its  undivided  state  were  identical  with  the  dimen- 
sions of  our  entire  solar  system ;  and  the  subsequent  history  of  its  condenBa- 
tion  is  strikingly  told  by  the  several  orbits  of  the  planets ;  each  of  these 
marking  the  Sun's  dimensions  at  the  time  ike  planet  was  dismissed  into 
space,  to  lead  a  comparatively  independent  existence. 

6.  Original  Dimensions  of  the  Earth, — Our  globe,  again,  must  have 
extended  to  the  line  now  traced  by  its  satellite,  the  moon ;  must  have  been 
then  482,000  miles  in  diameter,  instead  of  nearly  8,000  miles,  as  at  present ; 
and  must  have  taken  twenty-nine  days  and  a  half  to  rotate  on  its  own  axis, 
instead  of  twenty-four  hours. 

7.  Common  Direction  of  the  Planetary  Bodies,  evidence  of  a  common 
origin, — Of  course,  it  is  indispensable  to  such  a  theory,  that  the  planets  and 
their  satellites  should  all  show  their  original  unitary  movement  in  their  pre- 
sent individual  movements.  And  this  they  do.  The  planets  have  one  common 
direction  round  the  Sun ;  the  satellites  move  in  the  same  direction,  whilst 
also  encircling  their  respective  planets :  and  both  planet  and  satellites,  while 
revolving  each  on  its  own  axis,  make  that  revolution  also  in  the  same  general 
direction,  viz.,  from  west  to  east,  which  is  the  Sun's  own  movement  round 
its  axis. 

8.  The  Origin  of  the  Planetary  Bodies  also  illustrated  in  their  reactive 
densities, — ^The  planets  and  satellites  should  also,  to  be  in  accordance  with 
this  theory,  possess  varying  degrees  of  density.  The  heavier  portions  of  the 
parent  body  must  have  been  the  most  central ;  the  lighter,  those  nearest  the 
extremity,  and  therefore  the  first  to  be  thrown  off.  This  also  is  essentially 
the  truth.  The  planets  nearest  the  Sun  are  the  most  dense,  the  farthest  from 
it  the  least  so  ;  the  exceptions  being  only  such  as  may  be  ascribed  to  some  of 
tlie  lesser  influences  that  may  have  modified  the  general  law.  The  order  of 
the  chief  planets,  as  regards  their  different  degrees  of  proximity  to  the  Sun, 
is — Mercury,  Venus,  Earth,  Mars,  Jupiter,  Saturn,  Uranus :  now,  Mercwy, 
the  planet  nearest  the  Sun,  is  almost  three  times  as  dense  as  the  Eartn; 


POFULAB  GBOLOeT.  %1^ 

whilst  the  earth  itself  is  nearly  four  times  as  dense  as  Uranus,  the  bodj 
farthest  from  the  Sun  of  those  we  have  named. 

9.  Chemiced  proof  of  Laplace^  8  Theory,  down  from  the  EartKs  Elements, — 
Chemical  analysis  of  the  component  parts  of  the  earth's  body  leads  us,  by  a 
more  exact  and  trustworthy  route,  to  corresponding  conclusions.  All  known 
substances,  however  varymg  in  apparent  origin,  structure,  <}ualities,  and 
uses — ^from  the  humblest  pebble  beneath  our  feet,  up  to  the  highest  human 
organization — ^may  be  resolved  into  about  iifty-tive  elementary  sul^tances ; 
and  which  substances,  it  is  presumed,  are  not  themselves  compound ;  that  is 
to  say,  are  not  capable  of  further  division.  Forty,  of  these  are  metallic 
bodies,  twelve  non-metallic,  and  three  intermediate  between  the  two.  Turn- 
ing from  the  consideration  of  the  foregoing  theory  of  the  earth's  material 
ori^,  to  these  elements  of  the  earth  itself,  one  naturally  asks — ^Can  these 
bodies  have  ever  been  in  the  state  of  heated  vapour,  or  **  hre-mist,*'  as  it  has 
been  called  ?  The  answer  is  easy  and  satisfactory.  Four  of  the  non-metallic 
bodies  exist  permanently  gaseotis :  these  are  oxygen,  hydrogen,  nitrogen, 
and  chlorine.  One-half  the  solid  matter  of  the  globe  is  estimated  to  consist 
of  oxygen.  It  forms  a  fifth  of  the  atmosphere ;  eight-ninths  of  water ; 
and  a  large  proportion  of  every  kind  of  rock.  When  freed  from  its 
connection  with  solid  bodies,  it  expands  to  two  thousand  times  its  former 
bulk.  What  happens  to  freed  oxygen  would  occur  with  chlorine  and 
other  substances  similarly  disengaged.  Look  at  water,  also — ^forming  ice 
at  a  temperature  lower  than  32** — ^becoming  steam  at  212°.  All  these 
facts  point  to  the  conclusion,  that  every  one  of  the  substances  of  the  globe 
might  be  converted,  under  certain  circumstances,  into  gas ;  and  of  course, 
therefore,  tend  greatly  to  confirm  the  hypothesis,  that  from  gas  they  all 
came. 

10.  Heat  the  Cause  of  Original  Expansion, — Condensation  and  expansion 
are,  thus,  the  two  opposite  processes  which  the  world  exhibits,  men  its 
present  is  compared  with  its  original  condition.  Cold  is  connected  with  the 
one,  heat  with  the  other.  Was  heat,  then,  the  influence  that  originally 
kept  in  a  state  of  va^ur  all  the  varying  substances  that  comprise  ourselves, 
and  everything  around  us  that  we  can  touch  or  see  ?  Most  probably  it  was. 
On  descending  into  the  bowels  of  the  earth,  as  by  means  of  mines  and  dher 
deep  excavations,  we  find  that  as  soon  as  we  have  passed  below  the  regions 
affected  by  the  sun  and  other  external  influences,  there  is  a  constant  increase 
of  heat  as  we  descend  lower  and  lower.  Miners,  as  is  well  Igiown,  are 
often  obliged  to  work  absolutely  naked.  It  has  been  calculated  that,  for 
every  fifteen  or  sixteen  yards  of  descent,  the  heat  increases  one  degree  of 
Fahrenheit.  Volcanos,  and  hot  springs  of  water,  seem  also  to  suggest  sub- 
terranean heat  as  their  oiigin. 

11.  Density  of  the  Earth  only  to  he  explained  by  the  hypothesis  of  Central 
Heat. — ^The  known  decree  of  density  of  the  earth  is  such  as  can  only  be 
explained  on  the  hypothesis  of  some  interior  force  lessening  tiie  effects  of 
the  concentration  of  such  amass  of  solid  matter.  The  surface  rocks  are  only 
two  and  a  half  times  as  heavy  as  water ;  and  although  the  average  density 
of  the  globe  is  more  than  five  times  as  heav^  as  water,  how  small  is  that 
proportion  stiU  to  what  must  have  been  the  weight  of  the  whole  earth  were 
there  no  antagonistic  influences  I  Water  at  the  depth  of  362  miles  below  the 
snrfiBoe  acquires  by  compression  the  density  of  quicksilver ;  whilst  marble  at 
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the  centre  of  the  earth  would  be  one  hundred  and  nineteen  times  as  dense  as 
it  is  on  the  surface.     Heat  is,  probably,  the  antagonistic  force. 

12.  Formation  of  the  Igneous  Rocks  also  supports  Laplace^ s  Theory. — ^In 
descending  below  all  these  rocks,  whose  formation  and  contents  eyidently 
point  to  periods  subsequent  to  the  original  creation  of  the  globe,  we  find 
underlying  the  whole,  as  a  kind  of  natural  and  uniyersal  floor,  granite  and 
similar  rocks,  known  as  igneous  rocks,  because  they  appear  to  have  been 
produced  in  their  present  state  by  the  action  of  heat  strone  enough  to  have 
Kept  their  constituents  in  a  state  of  fusion,  and  which  on  cooling  crystallized. 
This  great  fact  seems,  further  to  corroborate  the  preceding  theoiy. 

13.  So  also  does  the  Form  of  the  Earth. — ^Lastly,  the  figure  of  the  globe  is 
known  to  be  precisely  that  which  would  result  from  the  reyolution  on  its 
axis  of  a  bod^  in  a  fluid  or  semi-fiuid  state ;  and  which,  as  heat  passed  off 
by  refrigeration  from  the  surface,  would  consolidate  and  remain  perma- 
nently in  the  shape  in  which  it  now  exists — ^that  of  a  globe  a  little  flattened 
at  the  poles. 

14.  Fresent  State  of  the  Interior  of  the  Earth. — ^Whether  the  interior  be 
now  entirely  solid,  or  partially  fiuid,  is  a  matter  unsettled  even  as  a  theo- 
retical question.  The  answer  depends  upon  a  yery  difficult  problem.  Which 
exerts  tiie  greatest  power — ^the  condensing  pressure  of  the  superincumbent 
mass  at  or  near  the  centre,  or  the  expandmg  force  of  the  heat  ? 

15.  Other  Theories  as  to  the  Cause  of  Heat  in  the  Interior. — ^We  must  not 
omit  to  state,  that  there  are  other  yiews  maintained  as  to  the  cause  of 
interior  heat.  Some  suppose  that  it  is  heated  by  the  access  of  water  or  other 
oxygenized  bodies,  to  chemical  substances  in  the  interior — an  hypothesis 
that  has  been  also  generally  applied  to  the  explanation  of  yolcanic  eruptions. 
Another  hypothesis  is,  that  electricitjr  pay  be  the  cause  of  the  intense  heat ; 
and  some  who  support  this  theory  object  to  the  one  we  haye  explained  as 
the  most  credible,  on  the  ground  of  certain  experiments  which  haye  been 
made,  and  which  seem  to  show  that  substances  cannot,  under  ordinary 
circumstances,  be  maintained  at  a  high  temperature  while  in  contact  with 
others  of  a  lower  one.  Presuming  this  to  be  correct,  it  only  seems  to  show 
that  special  combinations  of  chemical  force  must  be  at  work,  to  keep  up  this 
perpetual  heat.  Surely  no  student  of  chemistrj^  will  find  it  difficult  to 
rea^e  the  probability,  not  to  say  possibility,  of  this. 

16.  Liebtg^s  Chemical  Views  in  support  of  Zaplace^s  Theory, — We  con- 
clude this^  introductory  chapter  by  a  passage  from  the  latest  work  of  our 
latest  chemical  philosopher,  Liebig,  which  supports  incidentally,  but  strongly, 
the  theory  we  haye  endeayoured  to  explain  and  illustrate.  "  Expansion  of 
heat,''  he  says,  '^  implies  that  the  atoms  of  which  a  substance  is  composed 
separate  to  a  certain  distance  from  each  other.  Now,  since  a  certain  oon- 
ti^ty  of  atoms  is  a  necessary  condition  for  the  action  of  chemical  affinity, 
it  is  ooyious  that  by  the  mere  effect  of  heat  a  number  of  chemical  combina- 
tions must  be  resolved  into  their  constituents ;  and  this,  indeed,  always  in 
cases  where  the  influence  of  heat  causes  the  distance  between  the  ultimate 
particles  to  extend  beyond  the  sphere  of  chemical  attraction.  This  neces- 
sarily causes  a  separation.  When  the  heat  decreases,  the  atoms  again 
approach  each  other,  and  at  a  certain  point  of  proximity,  combination  again 
ensues.  We  may  imagine  that  at  a  temperature  immeasurably  high  to  us, 
substances  can  exist  in  one  and  the  same  place  witiiout  combining,  although 
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they  may  possess  the  very  strongest  affinity  for  each  other ;  and  that, 
because  this  high  temperature  neutralizes  their  affinity,  opposes  an  insur- 
mountable resistance  to  its  operation.  So,  undoubtedly,  the  constituents  of 
the  earth,  when  they  possessed  an  exceedingly  high  temperature,  were 
arranged  in  quite  a  different  manner  from  that  in  which  we  find  them  at 
present.  Nay,  it  is  not  impossible  that  they  should  have  floated  through 
each  other  as  in  a  chaos,  and  that  this  chaos  formed  itself  into  our  present 
minerals  and  rocks  only  when  this  temperature  was  greatly  lowered.  Let 
us  suppose  all  the  elements  composing  the  earth,  by  the  influence  of  a  great 
heat,  to  be  brought  into  the  same  state  in  which  oxygen  and  hydrogen  gas 
exist  at  the  common  temperature  of  the  atmosphere,  the  earUi  would  be 
an  enormous  ball  of  nothing  but  gases,  which  everywhere  would  uniformly 
mix  without  entering  into  combination,  just  as  in  the  case  with  oxygen  and 
hydrogen,  despite  their  exceedingly  great  affinity." 


CHAPTER  n. 

THE  MEANS  OF  GEOLOGICAL  STUDY — STEATEFICATIOlir. 
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a,  line  representmg  the  supposed  limits  of  the  atmosphere,  45  miles  above  the 
earui.  b.  Level  of  the  sea.  e.  Depth  of  100  miles  on  the  radius,  d.  Depth  of  500 
miles.    The  black  part  represents  the  supposed  thickness  of  the  earth's  crust. 

17.  AU  geological  knotoledge  is  derived  from  an  examination  of  the  EartJCs 
Crtutf  a  word  expressive,  at  once,  of  the  thinness  of  that  exterior  covering 
with  which  alone  the  science  is  concerned,  and  of  the  difference  that  exists 
between  the  covering  and  the  profound  unknown  ahyss  that  lies  beneath. 

18.  Apparent  insufficiency ,  hpftreal  Value  of  the  Crust. — ^When,  in  looking 
at  the  bla^  line  in  the  above  diagram,  which  includes  a  depth  of  fifteen  miles, 
or  nearly  three  times  the  actual  depth  to  which  our  observations  have  really 
been  able  to  extend,  and  comparing  it  with  Ihe  depth  of  the  earth  from  the 
raifaee  to  the  centre  (of  which  depth  only  an  eighth  part  is  there  shown)  we 
aze  tolid,  ''  Within  tmit  black  line  are  conjGjied  all  our  means  of  geological 
investigation,"  we  may  naturally  feel  disappointed  at  the  apparent  lEuad^- 
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quacy  of  tlie  materials  afforded.  But  the  case  is  not  so.  And  mainly  for 
tnis  broad  reason — ^that  as  the  crnst  does  show  ns,  under  a  variety  of 
circumstances,  the  lowest  of  all  rock  formations — the  granitic  or  crystalline — 
below  which  no  signs  of  periodical  formation  or  of  life,  in  connection  wiUi 
even  the  remotest  eras,  can  be  foimd  ;  it  is  therefore  probable  that  we  have 
really  within  onr  grasp  a  complete  series  of  remains  of  the  varying  and 
mighty  phenomena  that  have  marked  the  material  history  of  our  globe ;  and 
th  t,  even  if  there  be  deficiencies,  through  the  changes  that  have  taken  place, 
under  the  operation  of  those  natural  influences,  still  ever  at  work  around  us, 
it  is  all  but  certain  that  these  deficiencies  could  not  be  supplied  by  deeper 
descents  into  the  solid  substance  beneath.  But  the  fact  that  we  can,  under 
certain  circumstances,  look  upon  this  universal  floor  of  all  things,  as  when, 
for  instance,  it  is  protruded  to  or  above  the  surface,  by  expansive  interior 
forces,  does  not  at  nrst  glance  suggest  how  it  is  that  we  are  enabled  to  tracer 
step  by  step,  the  nature  of  the  various  masses  that  generally  lie  above  it. 
Although  tne  loftiest  mountains  rise  to  nearly  the  lieight  of  five  miles,  tihey 
are  mamly  of  granite,  or  other  igneous  formations,  and  leave  generally  the 
lower  formations  above  them  as  difficult  to  examine  to  any  depth,  as  in  their 
natural  position.  The  deepest  mines,  again,  only  descend  about  the  third 
of  a  mile,  and  therefore  can  out  exhibit  portions  of  the  contents  of  the  crust. 
How  is  it,  then,  that  Geology,  with  such  seemingly  limited  opportunities  for 
study,  has  risen  to  the  rank  of  a  science  ?  We  may  answer  by  the  enuncia- 
tion of  the  following  propositions : — 

19.  Opportunities  for  studying  the  Crust, — ^First.  although  we  cannot 
descend  into  the  bowels  of  the  eartb  to  such  depths  as  might  enable  us  to 
trace,  in  their  normal  aspect,  the  nature  of  all  the  materials  that  overlie  the 
granite  floor,  the  materials  themselves  have  been  in  innumerable  cases 
£)rced  up  to  the  surface,  without,  for  the  most  part,  losing  the  distinctive 
features  of  their  original  position.  Again,  in  all  parts  of  the  world  are 
found  deep  natural  excavations,  the  edges  of  which  tell  their  history 
eloquently  to  those  who  know  how  to  understand  such  geological  effects. 
River  banks  and  the  shores  of  the  sea  often  exhibit  the  same  opportunities, 
Lastiy  ;  when  a  great  depth  of  the  earth's  crust  has  been  forced  upwards  in 
an  inclined  position,  it  is  obvious  that  what  was  the  lowest  portion  may 
become  not  very  materially  lower  in  its  new  position  than  that  which  was 
originally  the  highest,  the  latter  probably  being  depressed  by  the  same 
operation.  Let  us  illustrate  this  by  a  familiar  image : — Take  a  fsu6k  of 
cards ;  hold  them  so  firmly  together  that  they  remain  in  juxtaposition,  but 
so  loosely,  that  when  the  edges  are  pressed  upon  the  table  in  an  inclined 
position,  thejr  will  form  themselves  into  a  line  agreeing  with  the  angle  of 
that  inclination,  slightiy  overtopping  each  other,  like  a  series  of  minute 
steps.  Let  these  steps  be  visible  on  the  left,  rising  upwards,  and,  of  course, 
concealed  on  the  right  b^  the  overtopping  edges.  Then  hold  the  pack  hori- 
zontally, but  with  the  right  edge  a  fittie  depressed,  and  you  will  have  an 
exact  representation  of  the  state  in  which  we  often  find  a  number  of  layers- 
of  the  earth's  substance.  If,  now,  excavations  are  made— as  in  mining,  or 
in  boring  for  water — at  different  ^rtions  of  that  group  of  layers,  vioae 
made  at  the  end,  where  lies  the  original  surface,  will  penetrate  through, 
possibly,  the  first  three  layers,  as  Nos.  1,  2,  3 ;  the  next  may  have  No.  2  at 
the  top,  or  surface,  and  therefore  may  go  through  2,  3,  4 ;  the  next  thioagit 
3,4t,  6;  and  so  on,  until  a  series  of  excavations,  thus  made,  under  favour- 
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able  circumstaiices,  may  show  us  in  complete  detail  the  character  of  every 
layer,  and  their  suocessional  relation  to  each  other. 

20. — The  Crust  is  found  disposed  in  layers  or  strata, — By  these  and 
similar  means  we  arrive  at  the  discovery  that  all  the  rocks,  soils,  minerals, 
Ac,  that  constitute  the  suhstance  of  the  eaith's  crust,  are  arranged  in 
distinct  layers  or  beds,  spread  out,  or  strewpd  one  above  another,  hence 
called  strata, 

21.  These  strata  always  occupy  determinate  relative  positions, — Strata, 
when  lying  in  their  natural  undisturbed  positions,  invariably  occupy  a 
oertain  regular  determinate  order,  so  that,  for  instance,  if  groups  of  six 
different  strata  or  formations  be  found  in  different  parts  of  the  world,  those 
six  will  always  be  discovered  in  the  same  successional  order ;  or,  in  other 
words,  that  while  certain  strata  requisite  to  form  a  complete  group  may  be 
missing  from  the  group,  those  that  are  found  together  wiU  always  exhibit, 
if  undisturbed,  by  what  we  may  call  accident,  the  same  relative  order  of 
saper-imposition. 

22.  And  contain  distinct  animal  and  vegetable  remains  or  fossils, — ^Whilst 
strata  are  thus  distin^shed  from  each  other,  we  find  that  each  stratum 
(contains  a  distinct  series  of  remains  of  vegetable  and  animal  life,  showing, 
in  feet,  what  were  the  living  inhabitants  of  the  globe  at  the  time  each  layer 
was  deposited.  It  is  not  meant  to  say  that  all  the  constituent  individual 
species  of  the  Flora  and  Fauna  of  any  oile  particular  formation  or  strata  are 
entirely  different  from  those  of  every  other,  but  simply  that,  taken  as  a 
whole,  each  formation  differs  from  the  one  above  or  below  it. 

23.  The  chief  instruments  of  geological  investigation  recapitulated. — ^These, 
then,  are  the  chief  instrument  of  geological  investigation,  and  it  will  be 
seen  that  they  are  sujficiently  powerful  to  task  all  the  efforts  of  science  to 
make  the  best  use  of  them.  To  recapitulate :  The  earth's  crust,  though  thi  y 
as  compared  with  the  substance  of  the  globe,  contains  probably  all  the 
essential  materials  that  can  be  required  for  study ;  and  that  crust  is,  under 
one  form  or  another,  available  through  its  entire  depth  for  our  examination. 
We  find  that  crust  formed  of  a  series  of  layers,  dispersed  in  a  regular  deter- 
minate order ;  each  evidently  having  been  the  surface  qf  the  globe  for  a  time 
probably  of  incalculable  extent,  and  each  having  its  own  peculiar  system 
of  organic  life. 

24.  Scientific  and  popular  notions  of  the  crust  directly  opposed. — ^Nothing, 
therefore,  can  be  more  opposed  than  these  facts  to  the  popular  notions  that 
haye  so  long  existed,  wMch  look  upon  the  superficial  substance  of  the  earth 
as  a  confused  agglomeration  of  various  soils,  and  rocks,  and  minerals, 
jrimultaneously  brought  into  existence  by  one  act  of  creation. 

25.  Geological  meaning  of  the  word  Hock. — All  the  various  substances  which 
compose  the  earth's  cmst,  as  sand,  gravel,  clay,  peat,  rocks  of  all  kinds, 
popularly  so  called,  coal,  slate,  minerals,  &c.,  are  summed  up  by  geologists 
into  the  one  word  rocks ;  and  this  without  reference  to  the  fact  whether  they 
be  soft  or  stony. 

26.  Chief  Geological  division  of  Rocks, — These  rocks  are  divided  into  two 
great  classes : — 

I.  Igneous,  or  unstratified  rocks. 
II»  Aqueous,  or  stratified  rocks. 

27.  Igneous  Bocks,  unstratified, — Igneous  rocks,  as  we  have  already  had 
occasion  to  show,  are  those  resulting  from  the  operation  of  hft^\.,  «x3l^^^?^<2o- 
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crystallize  in  the  process  of  cooling.    They  are,  of  course,  imstratified,  and 
destitute  of  all  organic  remains.     Granitd  is  the  great  exemplar. 

28.  Aqueotis  iSwks,  stratified, — ^Aqueous  rocks  iiMdude  all  those  that  ex- 
tend upward  from  the  underlying  granite  or  igneous  rocks ;  and  are  so 
called  because  they  have  eyioently  all  been  deposited  as  sediment  from 
water,  and  mostly  in  the  shape  of  sand,  clay,  &c.,  which  were  subsequently- 
hardened  and  in  various  other  ways  aflfected  by  subterranean  heat,  and  also 
by  the  superincumbent  pressure  of  other  formati<mft  that  were  gradually 
deposited  upon  them. 

29.  Modes  of  deposition,  Sfc,  of  Aqueous  Hocks, — ^Aqueons  rocks  deposited 
in  seas  can  be  distiaguished  from  those  deposited  in  the  waters  of  lakes  and 
estuaries  by  the  kinds  of  fossils  contained  in  tiiem ;  some,  of  course,  ob- 
viously being  inhabitants  of  salt,  others  only  of  fresh  water.  We  can  also 
learn  much  of  the  climate  that  preyailed  during  any  particular  formation 
by  studying  the  character  of  the  fossil  vegetation  it  has  left  4)ehind.  Plants 
of  a  kind  that  only  now  exist  in  a  tropical  climate  doubtiess  had  sasiL  a 
climate  then. 

30.  Difference  of  Structure  of  Aqueous  Bocks. — The  differences  of  structure 
existing  among  different  strata,  as,  for  instance,  between  the  fine  grain  and 
thin  laminaa  of  slate,  and  the  coafse  conglomerate  of  gravel ;  or  again, 
between  the  soft,  white,  incombustible  substance  of  chalk,  and  the  hard, 
black,  highly  inflammable  coal,  imply  great  difference  in  the  circumstaaaoes 
under  wMch  such  varying  materials  were  deposited,  independent  of  their  ooni' 
mon  watery  origin.  These  circumstances,  as  far  as  known,  we  shall  ha?^ 
to  investigate  at  greater  length  when  we  consider  the  several  chief  forma- 
tions in  detail.  We  shall,  therefore,  for  the  present,  merely  show,  generally^ 
their  natural  origin. 

31.  Substance  of  Aqueous  Rocks — whence  obtained, — Starting  from  'Aai 
granitic  crust  which,  with  vast  and  profound  oceans,  seems  to  have  formed 
the  infant  condition  of  the  earth,  we  can  readily  perceive  that  each  groap 
of  strata  has  been  formed  from  its  predecessors  b^  the  operation  of  laws  still 
at  work.  Thus  the  atmosphere,  by  its  mechanical  and  chemical  poweia> 
wears  down  the  rocks ;  the  particles  are  carried  by  rivers  to  the  sea,  then, 
gradually  deposited,  hardened  and  altered  by  heat  and  pressure,  and  at  last* 
assume  that  state  in  which,  when  time  and  physical  revolutions  have  done 
their  work,  they  may  each  become  to  man  one  of  the  leaves  of  the  great  book 
of  geological  histoiy.  We  need,  at  present,  give  only  a  single  iUustiation 
of  the  fact,  that  tne  later  rocks  are  thus  formed  from  the  earlier.  The 
gneiss  rocks,  found  immediately  above  the  granite,  are  composed  of  ma- 
terials that  every  one  can  see  at  a  glance  are  but  slightiy  altered  from 
granite. 

32.  Accidental  Positions  of  Strata, — The  positions  of  rocks  are,  in  their 
normal  state,  nearly  horizontal,  though  the  circumstances  under  wliich  we 
generally  see  them,  as  already  explained,  cause  them  to  be  greatiy  modified. 
Earthquakes  and  volcanoes  have  thrown  them  into  a  thousand  different 
forms — grand,  beautiful,  and  fantastic.  Their  lesser  characteristics  of  position 
are  geologically  resolved  into  the  following  technical  divisions : — Fractures 
or  disruptions,  overl^g  strata,  false  or  pseudo-interstratification,  veins, 
faults,  dykes,  slips,  hitches,  &c.,  &c, 

33.  Fractures  may  be  single — ^that  is,  unaccompanied  with  discharges  of 
fiuid,  or  upheaving  of  solid  igneous  matter  beyomi  the  suriaee.    Thus  ex- 
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pansive  forces  from  below  crack  the  solid  earth  above,  obtain  vent,  and 
leave  behind  them  vast  fissures.  Or  fractures  may  arise  from  the  sudden 
uplifting  of  an  enormous  bulk  of  solid  rock,  which,  penetrating  the  crust, 
nses  upward  into  the  stature  of  a  vast  mountain,  or  perhaps  even  into  a 
widely-extending  range  of  mountains. 

34.  Overlying  Strata, — Or  the  mass,  so  driven,  up  and  vomited  forth, 
may  be  in  a  state  of  fusion,  and,  accordingly,  spread  itself  over  the  neigh- 
bouring surface  strata,  and  hence  be  called  overlying. 

35.  False,  or  Inter  stratification. — Or,  raised  upwards  less  powerfully,  the 
intruding  granite  may  simply  force  its  way  between  the  superincumbent 
strata,  and  there  remain  as  an  example  of  false,  or  interstiatification. 

36.  Dykes, — Or,  still  more  weakly  impelled,  it  may  find  its  way  into 
some  small  existing  fissure,  and  so  form  a  dyke ;  and  wnich  does  not  always 
run  merely  in  a  vertical  or  inclined  position  towards  the  surface,  but  some- 
times extends  horizontally.  Thus  we  sometimes  see  dykes  of  granite  ex- 
tending along  the  grouna  like  an  artificially  raised  wall,  the  softer  strata  in 
which  they  were  imbedded  having  wasted  away. 

37.  Veins, — Or,  lastly,  the  expanding  force  may  drive  the  igneous — and 
in  this  case,  evidently  fused  rock — into  a  great  number  of  branching  and 
minute  crevices,  to  which  geologists  give  the  name  of  veins. 

38.  Faults^ — By  the  word  fault  is  meant  that  some  portions  of  rocks  or 
strata,  having  been  lifted  and  disruptured,  the  edges,  in  falling,  have  faUen 
into  positions  different  from  those  tney  originally  occupied  as  regards  each 
other,  even  though  again  touching.     Fig.  3  affords  an  example. 

39.  Slips, — A  slip  is  a  minor  faiSt,  and  expresses  the  fact,  that  while  an  ub-* 
heaved  and  divided  body  falls  back  again,  each  part  with  the  same  hori- 
zontal position  as  it  before  occupied,  one  side  falls  lower  than  the  other. 
3ta:  FoEMS  OB  Stbata  may  be  all  comprised  within  the  following : — 


40.  Horizontal  Stroke 
Fig.  2. 


This  diagram  is  intended  to  show  how  different  strata  are  found  lying  horizontally 
upon  each  other,  and  must  not  be  supposed  to  represent  any  particular  rocks. 

41.  {Fig.  3.)  Inelinfid  strata,  with  fault  in  the  centre,  filled  with  rubbish. 
Strata  in  this  podtkia  must  have  been  raised  and  didooated  b^  ^x^»s^^^ 
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Fig.  3. 

Vertical 

Strata  and 

Fault. 


forces  from  beneath.  The  angle  which  inclined  strata  present  to  the  horizon 
is  called  the  dtp,  or  angle  of  inclination. 

42.  {Fig.  4.)   Vertical  Strata, — This  engrav- 
ing presents  a  good  exam^e  of  a  very  interesting 
kind  of  stratification.     "  V  ertical  strata  aflford, 
says  Sir  Charles  Lyell,  from  whom  we  borrow 
this  and  one  or  two  other  illustrations,  "the 
most  unequivocal  evidences  of  a  change  in  the 
original  position.     .     .     .    We  find  in  Scot- 
land, in  the  northern  skirts  of  the  Grampians,  -,        i    ^  tr  4-   i  n^»i^ 
beds  of  pudding  stone,   dternati^  wit&  ^^^'Z^^  l^S'*t.?^ 
layers  of  fine  sand,  all  placed  vertically  to  the     the  Stvisa  ^/p«.— Vkeitical 
horizon.    When  Saussure  first  observed  certain     Stbata. 
conglomerates  in  a  similar  position  in  the  Swiss  Fig.  4. 

Alps,  he  remarked  that  the  pebbles,  being  for  the  most  part  of  an  oval  shape, 
had  their  longer  axes  parallel  to  the  planes  of  their  stratification.  (See 
Fig.  4.)  From  this  he  inferred  that  such  strata  must,  at  first,  have  been 
horizontal,  such  oval  pebble  having  originally  settled  at  the  bottom  of  the 
water,  with  its  flatter  side  parallel  to  the  longer,  for  the  same  reason  that 
an  egg  will  not  stand  on  either  end  if  imsupported." 


Fig.  6. 

43.  {Fig.  5.)  Curved  or  Contorted  Strata  of  Slate  near  St.  Ann's  Head, 

Bermckshire.-^^Sir  James  Hall  explains  very  happily^  the  mode  in  which 

these  strata  were  formed.     He  placed  a  set  of  layers  of  clay  imder  a  weight, 

and  then  pressed  their  opposite  ends  together  with  such  violence  as  to  oom- 
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pel  them  to  approach.    On  the  removal  of  the  weight,  the  layers  of  day 
were  found  curved  after  the  manner  shown  in  the  above  engraving. 

44.  Unconformable  Strata, — Our  example  is  chosen  from  the  junction  of 
the  Old  red  sandstone  and  Silurian  schist,  at  the  Siccar  Point,  near  St.  Ann^s 
Head,  Berwickshire.    Its  meaning  is  obvious ;   while  the  lower  stratum  is 


Fig.  6.— CTnconfobmable  Strata. 

inclined  or  vertical,  the  upper  is  horizontal :  such  combinations  are  called 
unconformable.  The  explanation  is  easy.  The  inclined  stratum  was  raised 
and  turned  out  of  its  natural  position,  and  then  the  next  was  naturally 
formed  horizontally  upon  it. 

45.  Other  Strata  are  also  distinguished  by  special  names,  as,  tiUed,  when 
suddenly  bent  up  by  subterranean  force ;  saddle-back,  or  anticlinal,  when 
dipping  from  a  common  ridge  in  two  opposite  directions ;  and  trough,  or 
basin-fike,  or  synclinal,  when  exhibiting  the  reverse  of  the  last  position,  or 
dipping  from  opposite  directions  to  a  common  point.  When  a  stratum 
comes  to  the  surface  and  appears  it  is  said  to  crop  out. 


CHAPTER  III. 


THE  MEAlfS  OF  GEOLOGICAL  STUDY — FOSSILS. 

Meaning  .of  Fossilization, — By  fossilization  we  mean  the  study  of  those 
relics  of  vegetables  and  animals  which  are  found  in  stratified  rocks,  and 
which  only  cease  to  appear  as  we  delve  down  towards  the  granite. 

State  of  Preservation  in  which  Fossils  are  found, — Fossils  are  found  in 
varying  states  of  preservation,  of  modification,  and  of  almost  entire  change. 
They  are  often  broken— a  fact  that  may  be  ascribed  to  the  turbulence  of  9ie 
actions  which  accompanied  their  original  inhumation  ;  and  often  worn,  by 
long  rolling  against  hard  surrounding  substances.  Certain  portions,  again, 
of  a  fossil,  will  decay,  while  the  rest  remains  uninjured.  The  pieces  of 
bivalve  shells  are  thus  often  discovered  apart,  through  the  decay  of  the  hinge 
ligaments.  Mechanical  compression  produces  peculiar  effects,  as  may  Be 
witnessed  in  the  compressed  ammonites  foimd  at  Watchet  and  other  places; 
in  the  goniates  and  pectens  of  Bradford,  in  Yorkshire ;  and  in  the  fishes  and 
ichthyosauri  of  Charmouth.  Perhaps  the  most  interesting  cases  of  fossil  com- 
pressions are  found  in  the  shales  and  gritstone  that  overlie  coal,  where  the 
large  cylindrical  stems  of  Sigillaria  and  Lepidodendron  are  found  as  fiat  as 
paper,  when  buried  between  the  laminae  of  shale,  depressed  ellipticallY  ^VL^isa 
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lying  across  the  grits,  and  retaining  their  original  cylindrical  figure  ^en 
standing  erect  in  the  rocks. 

Chemistry^  of  Fossil  Plants, — ^The  chemical  phenomena  exhibited  by  fossils 
are  of  the  greatest  importance.  •  We  may  illustrate  these  by  a  brief  review 
of  the  chief  stages  of  alteration  that  plants  are  fonnd  to  exhibit  in  passing 
from  their  original  and  living  to  a  fossil  state. 

1.  They  are  found  but  little  altered,  as  in  tiie  brown  coal  formations  of  the 
Rhine ;  and  in  a  particular  case  at  Gristhorpe,  near  Scarborough,  among  the 
oolites,  where  a  plant,  called  by  Lindley  the  Solenites  Murrayana,  is  found 
flexible,  elastic,  and  with  its  tissues  quite  distinct. 

2.  The  plants  have  become  carbonized  or  bituminized,  a  very  common 
conversion  in  the  clays  of  every  geological  era,  and  plentifully  in  what  are 
called  the  coal  formations. 

3.  The  substance  of  the  original  plants  passes  entirely  away,  by  the  com- 
bination of  its  elements  with  the  surrounding  parts,  so  that  a  mere  blank 
remains ;  but  an  eloquent  blank,  for  its  shape  reveals  the  «ort  of  being  that 
had  once  occupied  the  now  desolate  space.  The  coarse  gritstone  near  Leeds 
nffords  examples  of  this  state. 

4.  Lastly,  the  cells  of  the  vegetable  structure  become  filled  with  extraneons 
matter,  as  carbonate  of  lime— hence  the  pyrites  of  Lepidodendron  Harcourtii 
in  the  fruits  of  She^ey ;  or  with  siHca,  and  henoe  the  fiinty  or  silicified 
wood  of  Wobum. 

Chemistry  of  Fossil  Animals, — These  exhibit  analogous  changes.  Thus 
we  have — 

1.  Such  relics  as  the  scales  of  fishes,  coverings  of  shell-fish,  and  bones  of 
vertebrated  animals,  and  which  are  often  found  but  slightly  changed,  in  some 
cases  even  retaining  their  gelatinous  portions. 

2.  The  next  step  shows  to  us  entire  shells,  corals,  and  echinodermata, 
composed  of  carbonate  of  lime  and  gelatine ;  the  latter  substance,  in  some 
cases,  still  partly  preserved.  From  this  state  we  pass,  by  almost  insensible 
gradations,  to  that  where  the  organized  substances  are  entirely  lost,  as  in  the 
oolites  especially ;  and  there  is  either  left  a  vacancy,  on  the  sides  of  which 
the  lost  shell  has  sculptured  itself,  as  it  were,  for  a  future  memorial  before 
its  disappearance ;  or, — 

3.  There  is  a  mass  of  mere  stony  matter,  which  also  tells  the  story  of  what 
has  taken  place,  by  exhibiting  on  its  surface  the  exact  representation  of  the 
animal  whose  being  it  has  absorbed  into  its  own.  It  is  curious  to  note,  that 
while  it  was  by  the  absorption  of  carbonate  of  lime  the  vacancies  above 
referred  to  were  formed,  it  is  by  carbonate  of  lime,  in  many  cases,  entering 
in  a  state"  of  solution,  that  we  find,  in  other  instances,  what  would  have  been 
vacancies  are  filled  up.  Silica  or  flint,  and  sometimes  (but  unfrequently) 
iron  pvrites,  fill  those  vacancies. 

Heiations  of  particular  Hocks  and  Fossils, — The  relations  between  rocks 
and  the  particular  fossils  they  respectively  contain  may  be  illustrated  by  a 
few  examples.  In  the  green  sand  formations  most  of  the  shells  and  spongiadsB 
are  silicious.  In  the  oolites  the  fossils  are  chiefly  calcareous,  lime  being 
one  of  the  commonest  of  these  transforming  agencies.  In  the  coal  formations 
tiie  fossils  are  more  or  less  bituminous.  Certain  tribes — as  the  belemnites  and 
ostracea — retain  their  fibrous  or  lamellar  structure  in  all  sorts  of  rocks. 

Local  Distribution  of  Fossils. — Fossils  are  foimd  on  the  tops  of  the  loftiest 
mountains  of  the  Alps  and  Pyrenees,  showing  that  what  was  the  orig^oial 
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surface  of  the  emst  at  the  time  the  mountaiiis  had  been  upheaved  was  carried 
upwards  with  them :  fossil  plants  are  found  at  the  bottom  of  onr  deepest 
mines.  Of  course,  fossils,  generally,  are  most  plentiful  on  or  near  the  earth's 
surface,  because  the  formations  there  are  chiefly  of  a  later  origin  than  the 
stratified  rocks  whidi  were  uplifted  in  mountain  chains.  At  the  depth  of  a 
few  thousand  yards  they  cease  altogether  to  appear,  with  the  cessation  of 
the  appearance  of  the  stratified  rocks,  in  which  alone  they  are  found.  There 
are  many  interesting  peculiarities  connected  with  the  local  distribution  of 
fossils.  Some  of  the  ancient  limestones  about  Torquay,  in  Devon,  are  com- 
posed almost  entirely  of  the  remains  of  animals,  chiefly  Polyparia  and 
Echinodermata,  whose  hard  parts  have  been  thus,  in  a  sense,  preserved. 
Another  fossil  species — ^the  Ostrea  deltoidea — forms  immense  continuous  beds 
in.  what  is  called  the  Kimmeridge  clays  of  England  and  France.  They 
extend  for  many  miles  about  "Weymouth ;  also  in  North  Wiltshire,  and  in 
Yorkshire,  in  our  own  country,  and  about  Havre,  in  France. 

Comparison  of  the  Living  with  the  Fossil  Creation, — Professor  PhiUips, 
«ome  years  ago,  estimated  the  numbers  of  existing  (or  recent)  animals  and 
plants,  and  of  the  same  in  a  fossil  state,  in  order  to  show  the  proportions  of 
tiie  two.  In  that  estimate  the  living  creation  was  made  to  contain  about 
69,000  plants  and  115,500  animals.  The  progress  of  discovery  shows  that 
we  may  with  safety  nearly  double  the  numbers.  But  the  proportions  between 
living  and  fossil  plants  and  animals  are  not  materially  affected,  and  we  there- 
fore append  them  in  the  following  table : — 

Proportion  of  the  Living  to  the  Fossil  Creation. 
Terrestrial  Strata        .         .        .         118  to  1. 


,,'  Animals 
Fresh-water  Plants 

,,  Animals 

Marine  Plants     . 

,,     •    Animals 


150  to  1. 

2  to  1. 
14  to  1. 
25  to  1. 

2  to  1. 


But  this  table  requires  to  be  read  with  caution.  As  all  these  fossils  are 
preserved  in  beds  that  once  formed  the  bottoms  of  lakes  or  oceans,  we  cannot 
expect  to  find  terrestrial  plants  and  animals  in  them  in  such  numbers  as  we 
find  the  shell-fish  and  zoophytes.  The  one  class  must  have  been  carried 
tiiitJier  by  accident,  such  as  inundations,  &c ;  the  other  naturally  belon|^  to 
it  While,  therefore,  we  have  of  the  first  but  a  very  imperfect  representation, 
of  the  second  we  possess  almost  as  great  an  abundance  as  we  could  desire. 
We  may  eonclude  this  part  of  our  subject  by  stating  that  organic  fossils 
bear  so  general  an  affinify  to  existing  life,  that  they  may  be  all  ranged  in 
tike  same  great  classes,  most  of  them  in  the  same  great  orders  and  families^ 
some  in  the  same  genera,  and  but  very  few — and  these  only  in  me  latest 
strata — in  the  same  species. 

Division  of  Fossils, — By  the  various  opportunities  thus  indicated  we  are 
auibled  to  divide  all  fossil  relics  into — 

1.  Petrifactions. 

2.  Bituminizations, 

3.  Metallizations. 

4.  Marks  of  vital  action. 

Petrifaction  is  the  process  by  which  stony  matter,  in  a  state  of  aolufess^> 
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interpenetrates  the  pores  of  mineral  and  vet^etable  remains.  If  we  bury 
bones  in  clay,  mud,  or  lime,  we  shall  find  them  in  a  year  or  two  harder  and 
heayier,  and,  in  a  word,  rapidl;^  assuming  the  appearance  of  true  fossils. 
The  process^  indeed,  is  one  that  is  constantlv  going  on,  under  certain  circum- 
stances, even  on  the  surface  of  the  earth.  The  woodwork  of  a  Roman  aque- 
duct near  Lippe,  in  Westphalia,  is  partly  petrified.  The  wood  and  nuts  of 
the  hazel  are  found  in  a  state  of  petrifaction  at  Ferrybridge,  in  Yorkshire, 
and  on  the  shores  of  Lough  Neagh,  in  Ireland.  Springs  containing  lime, 
chemically  dissolved,  are  familiar  instances  of  petrifying  power.  Organio 
structures  are  not  necessarily  destroyed  by  petrifaction.  Thin  slices  of 
fossil  trees,  when  made  highly  transparent,  will  often  show  traceis  of  vege- 
table fibre.  Fossil  zoophytes,  of  a  calcareous  origin,  when  steeped  for  some 
time  in  acids,  will  yield  up  the  lime  in  a  state  of  solution,  and  exhibit  the 
original  animal  distinct  in  form,  and  sometimes  in  possession  of  its  natural 
colour. 

Bituminization, — ^When  vegetables  are  left  on  the  surface  of  the  soil  they 
rapidly  decompose,  and  what  remains  to  the  eye  is  merely  so  much  mould. 
But  if  subjected  to  moisture,  and  partly  excluded  from  tne  sun  and  air,  a 
semi-bituminous  substance  is  formed,  analogous  to  peat.  And  if  they  are 
completely  buried,  so  that  the  volatile  principles  cannot  escape,  nor  the  air 
act  upon  them,  and  they  are  subjected  to  pressure,  then  bituminous  matter 
will  be  formed  in  various  states  of  purity,  according  as  more  or  less  earthy 
matter  is  mixed  with  it.  What  takes  place  in  the  earth  durine  this  conver- 
sion of  vegetables  may  be  judged  by  watching  the  effects  produced  on  half- 
dried  hay,  which,  when  it  is  thrown  into  a  heap,  ferments,  becomes  black, 
and  not  unfrequently  takes  fire,  and  is  consumed.  Coal  may  be  taken  as 
one  of  the  most  common  of  these  bituminous  products. 

Metallization, — Strata  which  contain  fossils  generally  contain  also  metal- 
lic substances,  such  as  iron.  All  metals  can  be  dissolved  as  well  as  fused, 
and  it  is  not  difficult,  therefore,  to  understand  how  they  may  be  brought 
naturally  into  such  a  state  as  that  they  may  enter  the  pores  of  vegetable 
and  animal  substances,  in  a  manner  corresponding  with  that  already  described 
in  connection  with  petrifactions.  AU  organic  structures,  after  death,  while 
in  a  state  of  decay,  give  off  gases :  water,  of  course,  is  present,  entering,  as 
it  does,  so  largely  into  their  substance  ;  and  thus  the  metals,  the  gases,  and 
the  water,  acting  chemically  upon  each  other,  produce  compounds,  which  are* 
slowly  infiltrated  into  the  pores,  and  thus  metallic  fossils  are  produced. 
Sometimes  these  fossils  are  so  entirely  metallized,  that  only  the  form  and 
aspect  of  the  plant  or  animal  remain ;  sometimes  the  plant  or  animal  is 
found  essentially  complete,  but  entirely  penetrated  throughout  with  the 
subtle  metal ;  sometimes  the  fossil  is  merely  covered- with  an  incrustation  of 
metallic  salts ;  and  sometimes,  while  the  exterior  alone  is  thus  metallized, 
the  interior  remains  stony  or  bituminous. 

Marks  of  vital  action  y  which  refer  obviously  to  animals  alone,  maybe  thus 
classed : — 

Footprints  of  quadrupeds,  of  which  the  sandstones  of  Cheshire  and  Dum- 
friesshire afford  good  examples ; 

Holes  made  by  certain  animals  in  certain  rocks — as,  for  instance,  by  the 
lithophagous  conchifers  in  the  Mendijp  limestone ;  and 

Perforations  made  by  one  animal  in  the  shells  of  another — as  by  the  zoo- 
phagous  moUusk  in  the  valves  of  conchifers. 
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Results, — ^By  all  the  yarions  means  thus  indicated  the  geologist  pnrsnes 
Ms  inquiries  into  the  past  history  of  the  globe.  Stratification  shows  hirn 
the  yarious  surfaces  of  that  globe  at  different  periods ;  and  the  yery 
irregularities  of  the  strata  only  increase  our  knowledge,  by  informing  us  of 
the  strangely  perplexed  and  troubled  character  of  the  eyents  accompanying 
the  gradual  development  of  the  material  and  half-chaotic  crust  into  its  pre- 
sent state  of  beauty  and  peace.  Fossilization  completes,  as  it  were,  the 
requisite  information,  by  explaining  how  the  world  was  peopled  during  the 
same  periods,  which  are  so  widely  divided  in  time,  that  no  geologist  who 
cares  for  his  reputation  will  venture  to  assign  to  them  any  definite  term. 

We  shall  now  present — ^in  an  arrangement  chiefly  founded  upon,  though 
somewhat  modified,  typographically  sipeaking,  from  Professor  Phillips's 
table — a  complete  view  of  the  series  of  the  s&ata  as  they  are  traceable  in 
this  country,  and  of  their  fossil  contents,  grouped  into  systems,  and  the 
systems  again  grouped  into  the  chief  leading  divisions  or  formations  known 
among  geologists. 

Superficial  Accumulations, 

Soils  of  yarious  kinds,  arising  from  the  decomposition  of  vegetable   and 

animal  matter,  and  of  the  surfaces  of  rocks. 
AUttvium,  or  deposits  of  clay,  sand,  and  gravel,  through  the  ordinary  action 

of  water. 
DHuvium,  or  deposits  of  clay  and  gravel,  formed  by  unusual  operations  of 

water,  and  accompanied  with  boulders,  or  great  erratic  masses  of  rock. 

Tertiary  Strata, 

Clayy  estimated  at  sixteen  yards  in  thickness,  consisting  of  a  water-drifted 

mass  of  marine  shells,  pebbles,  &c.,  resting  on  more  regular  shells,  beds 

of  sand,  or  sandy  limestone.     About  forty  per  cent,  of  the  shells  are 

supposed  to  be  identical  with  existing  species. 
Fresh-water  Marl,  about  thirty-three  yards  thick,  occurring  only  in  the  Isle 

of  Wight,  and  including  a  bed  of  estuary  shells. 
London  Ckiy,  100  to  200  yards  thick,  forming  a  mass  rich  in  marine  shells, 

of  which  three  and  a  half  per  cent,  are  identical  with  recent  kinds. 
Phistic  Clay^  100  to  400  yards  thick,  containing  variously  coloured  sand  and 

clays ;    the  latter  containing  organic  remains  identical  with,  or  allied 

to,  those  of  the  London  clay. 
It  inoll  be  seen,  therefore,  that  in  this  formation  there  is  e  small  number 
of  fossils  identical  with  existing  species. 

Secondary  Strata :  Cretaceous  or  Chalk  System, 

Chalky  200  yards  thick,  of  unequal  hardness,  soft  above,  marly  below,  with 
interstratified  flints ;  extinct  zoophytes,  ananchytes*  and  other  echino- 
dermata. 

Green  Sand,  about  160  yards  thick,  consisting  of — 

Upper  Green  Sand,  very  fossiliferous,  in  general  chalky ; 

*  FomUs  thus  printed  in  Italics  are  especially  characteristic  of  the  strata. 


202  THE  sous  TI7T0S. 

Gait,  a  blue  marl  or  clay,  often  very  fossdliferoas,  and  distmgiubdied  by 

the  presenee  of  tbe  Belemnites  nUmmus ;  and  of  the 
Lower  Green  Sand,  or  iron  sand,  which  is  very  fossiliferoiis  in  places. 

Secondary  Strata :  OoiiUc  System, 

Weaiden,  about  300  yards  thick,  and  divisible  into — 

Weald  Cla\',  wim  fresh- water  shells,  and  containing  Cyprides ; 

Hastings  Sand,  with  land  plants,  and  bones  of  Iguanodon ;  and  the 

Purbeck  beds  of  clay  and  limestone,  with  fresh- water  shells. 
Portland  Oolite,  about  130  yards  thick,  formed  of  an  Odite  limestone,  loeally 

yariable,  containing  some  beds  fall  of  fossils;   and  the  Ximmeridge 

clay,  with  layers  of  ostrea  deltoidea. 
Oxford  Oolite  y  al)out  150  yards  thick,  consisting  of — 

Upper  calcareous  ^t ; 

Coralline  oolite,  with  beds  and  masses  of  coral,  EcMnida,  and  many 
shells ; 

Lower  calcareous  grit,  with  Ammonites  catena,  and  Pinna  lanceolata  ; 

Oxford  Clav,  )    containing  Ammonites  Calliovemis  and  Gryphsa 

Killamey  ftock,      ]       dilatata, 
Bath  Oolite,  near  Bath,  about  130  yards  thick,  consisting  of — 

Combrash,  a  thin,  impure,  shelly  limestone,  with  Avicula  eckinata ; 

Forest  Marble,  a  shellv  oolite,  with  concretionary  sandy  limestone ; 

Bath  Oolite,  in  several  divisions,  in  shelly,  oolitic,  compact,  and  sandy 
beds,  containing  Megalosaurus  and  Apiocrinus ; 

Fuller's  Earth,  a  series  of  calcareous  and  argillaceous  shelly  beds ; 

Inferior  Oolites,  with  Pholadomya  and  Trigonia  striata ;  and 

Sand,  with  concretionary  masses  holding  shells. 
LiaSy  about  350  yards  thick,  composed  of — 

Upper  Lias  Shale,  full  of  characteristic  Saurians,  of  Ammonites,  Belem- 
nites,  and  other  shells ; 

Marlstone,  replete  with  Ter^ratula,  Pectinida,  Avicula  intequivahis  ; 

Middle  Lias  Shale,  containing  Gryphaa,  Ammonites  ; 

Lias  Lifnestone,  with  Gryphaea  incurva,  and  Ammonites  Conybeari; 
and  the 

Lower  Lias  Shale  and  coloured  marls. 

Secondary  Strata  :  Saliferous  or  New  Red  Sandstone  System, 

New  Red  Sandstone,  about  300  yards  thick,  comprising — 
Coloured  Marls,  Gypsum,  Rock  Salt :         'i       i.  •  •      i»  _ 
Red  and  White. San^tones,  and  Ma^h  ;      '^^^'^  *»▼  '^  ^o  ^^gaHW 
Conglomerate  and  Sandstone ;  j     ^®     "^^* 

Mag7iesian  Limestone,  about  100  yards  thick,  formed  of  the 

Knottingley  Limestone,  with  a  few  bivalves  in  the  lower  beds ; 

Gypseous  Ked  Marls,  having  no  fossils ; 

Magnesian  Limestone,  with  shells  and  corals ; 

Marl  Slate,  containing^«7ie«  of  remarkable  forms ;  and  the 

Red  Sandstone,  in  wmch  plants  of  the  subsequent  coral  series  occur. 

Secondary  Strata:  Carboniferous  System, 
Coal  J  about  1,000  yards  thick.    The  subdivisions  of  the  coal  series  are  only 
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iocaJlj  aacertaiiied ;  gritstone  and  shale  constitnte  the  principal  ma«5. 
Flagstone  and  ironstone  are  among  the  most  characteristic  layers. 
Fresh-water  limestone  and  marine  limestone  are  exceedingly  rare  and 
local.  The  shells  are  mostly  of  estuary  origin.  The  planta  are 
ahnndanty  and  mostly  of  terrestrial  tribes  and  extinct  genera. 

Carhomferous  or  Mountain  Limestone^  about  800  yards  thick,  comprising — 
MiUstone  Grit,  a  series  of  sandstone,  shales,  coals,  and  thin  limestones, 
forming  a  transition  group  between  the  coal  and  the  carboniferous 
limestones. 

Yoredale  Hocks,  consisting  of  five  or  more  beds  of  limestone,  with  alter- 
nating flagstones,  and  other  gritstones,  shales,  thin  coal,  and  ironstone. 

Lower  or  Sand  Zimestoney  in  the  north  of  England  and  Scotland,  subdivided 
by  sandstones,  shales,  and  coal  seams.  They  yield  characteristic 
Crinoidea,  ProducUB,  Spirifera,  Orihoceratay  BeUerophon,  Gonia- 
tites. 

Alternating  Limestones  and  Red  Sandstones,  forming  a  transition  group 
between  the  Carboniferous  Limestone  and  Red  Sandstone  formations. 

Conglomerates  and  Sandstones,  in  which  no  fossils  have  yet  been  noticed. 

Coloured  Marls  and  concretionary  limestones,  called  corn-stones,  with  a 
few  fossils ;  and  lastly, 

TilestoneSy  or  Flagstone  beds,  with  a  few  fishes. 
All  the  fossils,  through  the  whole  of  these  Secondary  Strata,  belong  to 

extinct  species,  and  are  different  from  those  in  the  Tertiary  Strata. . 

Primary  Strata :  Silurian,  Upper  Orawoacke,  or  Transition  System, 

Ludlow  Hocksy  about  660  yards  thick,  comprisiiig — 

Sandstones,  with  the  fosal  species  of  Orhicuk^  Lingula,  Terebratula, 

Spirifera. 
Limestone  shale,  with  the  Fossils  Petitamerus  and  Homonolutos, 
WenJock  Limestone,  about  600  yards  thick,  formed  of — 
Limestone,  \  both  containing  corals  and  fossil  Crinoidea  in  vast  abundance, 
[      with  Euomphali,  Producta  depressa,  Orthocerate,  Calymene 
Shale,         j      Blumenbachii,  and  other  Trilobites. 
Caradoc  Sandstone,  about  830  yards  thick,  comprising — 

Shelly  Limestone  and  various  Sandstones,  with  Pentamerus,  Tere- 
bratula, Orthis,  and  Trilobites. 
Landeilo  Rocks,  about  400  yards  thidk,  consisting  of  calcareous  fliiggy  beds, 
including  Asaphus  Bu(^  and  other  Trilobites. 

Primary  Strata:  Cambrian  System* 

Plpnlymmon  Pocks,  consisting  of — 

AjgHlaoeous  indurated  slate,  and  sandy  system  slates,  in  v^ch  no 

fossils  have  yet  been  found ;  and — 
Calcareous  and  argillaceous  rocks,  with  Orbicula,  Zoophytes,  and  other 
organic  remams. 
^ala  Lhnestone,  formed  of  calcareous  and  argillaoeous  rocks,  with  Orbicula, 
Zoophytes,  and  other  organic  r^oiains. 

*  This  and  the  following  (or  Skiddaw)  system  are  sometintes  collectively  spoken  of 
as  the  Clay  Slate  system. 
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Snowdon  JRocks,  comprising  varioasly  coloured  and  indurated  argillaceous 

slate.     Few  fossils  have  been  observed  in  tliese  rocks  in  Wales. 
Clat/  Slate,  a  soft,  dark  slate,  witb  no  known  fossils. 

Primary  Strata :  Skiddaw  System. 

Cbiastolite  Slate,     \  soft,  dark  slates,  mixed  with,  the  minerals  that  give 
>     them  respectively  their  names,  and  both  apparently 
Hornblende  Slate,  ;     destitute  of  fossus. 

Primary  Strata :  Mica  Schist  System, 

Mica  Schist  beds,  containing  no  organic  remains^  and  composed  of  mica  and 
quartz,  alternate  with  gneiss,  chlorite  schist,  talc  schist,  hornblende 
schist,  clay  slate,  quartz  rock,  and  primary  limestone. 

Primary  Strata :  Gneiss  System, 

Grneiss  beds,  composed  of  mica,  quartz,  and  felspar,  alternate  locally  with 
mica  schist,  quartz  rock,  and  primary  limestone. 

In  aU  the  above  primary  strata  the  fossils  belong  invariably  to  extinct 
species,  and  often  to  extinct  genera  and  families.  They  are  different  from . 
the  secondary  and  tertiary  strata.  The  stratified  argillaceous  rocks  com- 
prised ill  the  Cambrian  and  Skiddaw  systems  are  not  yet  fuUy  imderstood, 
on  account  of  the  rarity  of  fossils,  and  from  other  causes.  The  arrange- 
ments given,  which  are  based  on  the  labours  of  Sedgwick,  are,  however, 
correct  with  reference  to  the  succession  of  deposits  in  the  Welsh  and  Cam- 
brian districts.     The  thicknesses  are  insufficiently  known. 

The  unstratified  rocks  are  now  again  reached,  forming  the  general  base- 
ment or  floor  of  all  stratified  ones. 

Succession  of  Organic  Life, — In  reviewing  the  strata  and  their  contents, 
certain  salient  facts  arid  deductions  of  high  interest  are  impressed  upon  the 
attention.  We  perceive  that  as  each  of  these  strata  contains  the  fossil 
remains  of  plants  and  animals  that  once  lived  on  the  land,  or  in  the  rivers, 
seas,  and  oceans,  at  or  before  the  time  of  the  formation  of  the  strata,  we  are 
enabled,  by  combining  together  all  the  facts  they  collectively  afford,  to  arrive 
at  a  tolerably  accurate  view  of  the  succession  of  organic  life  on  the  globe — a 
most  interesting  theme,  and  which  has  tempted  many  scientific  men  into 
the  construction  of  theories  of  greater  or  less  ingenuity.  The  theory  of  pro- 
gressive development,  advocated  in  the  well-known  work  on  the  Vestiges  of 
Creation,  is  an  instance  in  point.  We  shall  not  enter  upon  the  considera- 
tion of  such  matters.  We  conclude  our  present  chapter  with  a  summary  of 
the  most  striking  facts  that  present  themselves  in  connection  with  the 
known  successional  order  of  organic  life. 

FisTies  are  the  only  class  of  vertebrated  animals  which  are  found  in  aU 
the  systems  of  strata — a  fact  having  an  obvious  connection  with  the  aqueous 
origin  of  aU  the  stratified  rocks. 

Reptiles  begin  to  appear  either  in  the  carboniferous  system  or  in  the  one 
above  it,  called  the  New  Red  Sandstone. 

Birds  and  Mammalia  appear  but  rarely  in  various  localities  in  the  oolite 
rocks  ;•  and  it  is  believed  tnat  the  amphibia,  or  fresh- water  tribes  of  batra- 


didm,    are  not  disoineied   ia  eitlier  tLe  pciBUT  or   sMoiid»T  stnta. 
Lastly,  as  to 

JIaa.  die  peffeetiaBu  S9  ^  as  -ve  ret  know,  of  all  oiganixed  li£e — ^wImm 
does  be  first  upear?  The  answer  is,*  nowbere  but  in  tbe  loose  surface  soil, 
in  nml.  graTd,  and  csltqus.  and  generaDr  accompanied  br  potteiy,  Kmes* 
and  odier  rdies  of  tbe  early  industry  of  our  kind.  Can  any  ukW  deeisiTe 
eridenee  be  affsded  of  tbe  lateness' of  tbe  period  wben  maoi  first  trvd  ^ 
eartb,  of  wbieb  be  was  to  become  supreme  master,  or  of  tbe  incalenlablA 
ages—die  unfKtbomable  abysses  of  time,  as  we  migbt  ratiier  call  tbem— > 
tfiat  mnst  baTe  dapsed  befine  bis  borne  was  deemed  sufficiently  prepared 
for  bim? 


CHAPTER  IT. 

AGlBirCEBS  SULL  AT  WORK  OX  THE  EARTH'S  CEDST. 

Befoee  we  enter  into  the  stady  of  the  respective  strata,  systems,  and  fi>nxia* 
tions  described  in  our  last  chapter,  we  will  pause  awhile  to  consider  bow  hr 
the  emst  of  the  earth  is  being  changed  or  modified  by  existing  infiuences, 
Obrioashr  we  mnst  do  this  before  we  can  consider  oiirselTes  in  a  right 
poaition  ibr  the  study  of  its  ancient  history.  Five  grand  divisions  occur 
under  which  all  these'influences  may  be  ranged : — 
L  External,  or  Astronomical  phenomena. 
n.  Subterranean,  or  Igneous. 

m.  Atmospheric. 

rV.  Aqueous. 
V.  Organic  being. 

T%e  External  Influences  may  be  reduced  to  the  effects  of  light  and  beat. 

Meat, — ^All  the  variations  of  corpuscular  and  mechanical  phenomena  that 
areevery  where  ceaselessly  exhibited,  both  in  organic  and  inorganic  substances, 
may  be  ascribed  to  the  unequal  accession  of  heat  from  the  sun  unto  our  globe, 
wbich  is  constantly  varying  in  distance,  and  whose  parts  are  variously  jMro- 
aented  to  the  calorific  rays,  and  to  the  unequal  abstraction  of  heat  by  tbo 
eold  ethereal  spaces  through  which  our  planet  revolves. 

Light, — ^In  light  we  recognize  the  chief  element  of  change  in  the  animal 
and  vegetable  creations. 

Subterranean,  or  Igneous  Influences, — ^Amongthe  subterranean  influcnooa 
we  may  first  mention  one  special  efiect  of  the  distribution  of  tho  heat  that 
nses  firom  the  interior  of  the  earth — that  is,  the  gradual  ohango  of  level  of 
certain  parts  of  the  land  as  compared  with  the  general  level  of  tlio  ocean  ;  as. 
for  instance,  on  the  shores  of  the  Baltic,  where  certain  parts  arc  understood 
to  be  slowly  rising  above  the  sea.  Whether  this  elevation  is  countA.Tbalimced 
by  corresponding  depression  elsewhere  is  not  at  present  known.  Sir  (^harlos 
LyeU  thinks  the  sum  of  the  depressions  from  this  cause  greater  tlmu  tho 
elevations,  but  no  proof  is  given.  On  this  important  but  obscure  point  wo 
shall  quote  the  words  of  the  author  of  the  article  "  Geology"  in  tlie  Pmny 
Cychptedia,  who  says,  "  If  there  be  in  the  earth  t^  pervading  high  tomiwra- 
toie,  wMob  diminisnes  from  the  interior  toward  the  surface,  it  appears,  from 
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Sir  Jolin  Herschel's  reasoning  (giyen  in  Babbege's  Ninth  Bridgewater 
Treatise),  that  along  the  shores  of  the  sea,  the  isothermal  *  lines  of  the 
interior  of  the  globe  should  rise,  becanae  of  the  continual  depositioa  of 
imperfectly  conducting  sediments  there.  For  then  the  radiation  of  heat 
along  these  lines  would  be  diminished  until  the  interior  heat  had  oomfi 
nearer  to  the  surfeice.  By  the  consequent  expansion  of  the  subjacent  earthy 
snbstances  the  sea-shore,  should  rise,  and  thus  the  addition  of  sediment  firam 
watery  action,  and  the  effect  of  the  effort  to  restore  equiHbrinm  in  tiie  dis- 
position of  the  interior  temperature,  would,  upon  the  whole,  coincide  in 
minutely  raising  the  surface  of  the  sea."  This  comparatiyely  regular  actioa 
of  subterranean  heat  must  be  carefully  distinguished  from  the  highly 
irregular  one,  to  which  we  owe  earthquakes  and  volcanoes. 

Earthquakes  form  the  most  terrible  of  all  natural  phenomena.  They  make 
the  solid  globe  itself  tremble  and  quiver  beneath  our  feet,  and  sometunes  to 
appear  to  the  eye  to  undulate  like  the  waves  of  the  sea  when  agitated  by  the 
wind.  They  break  up  the  crust  of  the  earth,  elevating  it  here  into  hills, 
depressing  it  there  into  valleys ;  seaming  it  with  rents  and  fissures,  from 
which  often  arise  products  never  before  known  in  the  district ;  altering  the 
course  of  rivers ;  producing  new  shores  and  beaches ;  raising  Ihe  sea-bottom 
up  to  become  dry  land,  and  depressing  the  richly-wooded  land  to  beoome 
henceforth  the  bottom  of  the  sea ;  leaving  cities  that  overhung  the  ooean 
several  miles  inland,  and  submerging  other  cities  again  below  the  watws ; 
altering  the  distribution  of  animal  life,  and  oecasioiULUy  destroying  it  to  a 
vast  extent.  Let  us  mention  a  case  or  two  by  way  of  illustration.  In  1822, 
a  tract  of  territory  on  the  Chili  coast,  above  one  hundred  nules  in  extoati 
was  raised  from  two  to  six  feet;  and  the  sea-bottom,  thus  laid  bare, 
emitted  for  a  long  time  the  most  intolerable  odour  from  the  decay  of  dead 
fish,  &c.  In  1596,  on  the  other  hand,  several  Japanese  towns  were  covered 
by  the  sea. 

Volcanoes  and  earthquakes  are  doubtless  but  manifestations  of  the  seme 
subterranean  fires,  operating  with  different  degrees  of  force,  and  perhaps, 
also,  under  somewhat  different  circumstances  as  regards  the  superincumbont 
masses.  Thus  when,  in  1759,  the  new  volcano  of  JotuoUo  was  formed  oa  ibe 
plains  west  of  Mexico,  it  was  what  we  should  call  an  earthquake  that  oaniod 
the  ground  to  swell  upward  like  a  bladder  to  the  extent  of  two  or  three  nulfli» 
and  which  then,  bursting,  became  a  volcano,  and  ejected  such  masses  of 
materials  that  a  mountam  1,695  feet  high  was  formed  by  them.  But  tiie 
effects  of  volcanoes  in  modifying  the  earth's  crust  are  even  yet  more  extenasve 
than  such  events  would  suggest.  The  burning  lava  emitted  by  them  hw 
been  known  to  issue  (as  from  a  volcano  in  Iceland)  in  such  profusion  as  to 
form  a  slow-moving  river  of  melted  rock,  fifteen  nulcs  broad,  from  100  to 
600  feet  deep,  and  extending,  before  it  finally  rested,  to  fifty  miles  from  the 
place  of  its  issue.  It  is  chiefiy  near  the  sea-coast  that  the  volcanic  phenomena 
of  modem  times  are  found — a  fact  which  seems  to  show  that  the  admisskm 
of  water  to  the  buried  fires  beneath  is  necessary  to  rouse  them  into  such  a 
stat-e  of  terrible  activity. 

Effects  of  Volcanic  Action  on  the  Bed  of  the  Sea, — The  bed  of  the  sea  is 
supposed  to  be  materially  affected  by  volcanic  forces.     Thus  islands  axe 

*  Currcs  tracM  on  a  map  or  globe,  so  that  each  shall  pass  tbrough  a  series  ol  loealitiAs, 
where  the  mean  aimual  temperature  is  the  same. 
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raised,  as  in  the  South  Seas,  which  then  become  centres  of  aggregation  for 
all  sorts  of  matter  floating  in  the  waters  or  in  the  air,  are  soon  covered  with 
vegetation,  and  lastly,  with  organic  life,  both  of  which  alternately  decay 
and  spring  up  in  never-ending  sequence,  and  all  the  while  increase  the  mag- 
nituae  of  the  parent  soil,  while  encroaching  upon,  and  tJiereby  decreasing, 
the  size  and  depths  of  the  waters  around.  But  this  kind  of  action  may  £e 
going  on  invisibly  to  us  in  innumerable  parts  of  the  seas  and  oceans,  without 
being  sufficiently  powerful  to  raise  the  lifted  rocks  above  the  surface.  Of 
course  here  a^ain  corresponding  deijressions  take  place ;  but  whether  to  an 
equal  amount  is  not  known.  Even  in  that  case  we  perceive  that  the  general 
result  of  volcanic  action  beneath  the  seas  and  oceans  must  be  a  partial  deep- 
ening and  contracting:  therefore  still  change — ceaseless  change.  The 
constancy  of  the  eartn  s  dimensions,  as  indicated  by  the  unvarying  length 
of  the  solar  day,  may  be  supposed  sufficient  to  determine  the  fact  of  an 
equality  in  these  results ;  but  that  is  by  no  means  the  case,  for  such  changes, 
however  important  in  the  main,  if  we  think  of  them  as  operating  through  a 
million  or  two  of  years,  become  apparently  insignificant  when  thought  of 
only  in  connection  with  our  historical  period. 

Atmo^heric  Agencies  include  the  air  itself,  rain,  frosts,  winds,  and 
eleotrical  phenomena ;  and  their  combined  effect  is  to  wear  down,  mechani- 
oally  and  chemically,  the  surface  of  all  rocks,  and  to  create  soil,  part  of 
which  is  gradually  strewed  over  the  land,  and  becomes  the  means  of  vegeta- 
tion and  organic  life,  while  the  remainder  is  carried  away  by  rivers  and 
nmning  waters  towards  the  oceans,  seas,  or  lakes,  into  which  they  fiow. 

Air  acts  potently  upon  all  substances,  even  the  hardest,  that  are 
ej[posed  to  it,  through  the  chemical  action  of  its  oxygen  and  carbonic 
.  acid.  Oxygen  eats  away  the  metals — carbonic  acia  bites  into  the 
substance  of  rocks — and  both  together  at  last  reduce  the  surfaces  upon 
which  they  act  to  a  mere  powder.  As  one  layer,  as  it  were,  is  worn 
away,  another  is  ready  to  be  attacked ;  and  so  the  process  goes  on  without 
cessation.  Thus  iron  is  reduced  to  rust ;  thus  granite  is  pulverized  to  soil — 
an  operation  which,  it  is  said,  has  been  effi^cted  to  the  depth  of  three  inches 
withm  twice  as  many  years. 

JEUUn  enters  the  fissures  of  rocks,  softening  and  dissolving  them,  both  by 
its  chemieal  and  its  mechanical .  powers,  and  so  preparing  the  way  for  the 
still  more  destructive  agents  that  follow,  as  frosts,  &c.  It  forms  floods  and 
iaundations  when  it  continues  for  a  long  time,  which  may  sweep  whole 
yfllages  before  it.  On  the  other  hand,  it  exerts  a  most  beneficial  cflect  in 
promoting  the  growth  of  vegetation.  Its  very  floods,  indeed,  in  certain 
parts  of  the  world,  produce  the  same  eflect  on  a  large  scale  as  in  the  annual 
flooding  of  the  Kile,  for  which  the  people  of  Egypt  look  always  with  such 
weleoming  anticipations.  The  fall  of  rain  varies  greatly  in  amount  in  dif- 
ferent parts  and  different  seasons.  Thus,  in  Bombay,  uie  monthly  depth  of 
rain  in  June  has  been  given  as  twen^-four  inches,  and  in  October  as  only 
batween  one  and  two  inches.  In  London  the  depth  varies  from  between 
eight  and  nine  inches  in  the  half-year  from  January  to  July,  to  between 
twelve  and  thirteen  inches  in  the  remaining  half-year.  Whatever  the  in- 
fluence exercised  by  rain  at  present,  that  influence  was,  in  all  probability, 
much  greater  in  remote  geological  periods,  when  the  heat  was  so  much 
high/er,  and  when,  therefore,  more  liquid  matter  was  drawn  up  in  vapours 
into  the  sky,  to  descend  again  in  rains. 
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Frost — Wherever  rain  can  insinuate  itself,  as  already  described,  into  the 
crevices  of  locks,  there  is  left  an  opportunity  for  the  evolution  of  a  highly 
destructive  principle — ^the  expansion  of  the  liquid  particles  by  freezing,  and 
the  consequent  rending  asunaer  of  the  rocky  surfaces,  which,  thus  enlarged, 
can  receive  still  larger  quantities  of  rain,  to  be  again  frozen  and  expanded,  and 
80  on  endlessly.  This  is  one  of  the  various  modes  of  operation  in  which 
frost  exhibits  its  power  of  modifying  the  earth's  crust.  Avalanches  and  ice- 
bergs show  it  in  its  grander  manifestations  of  the  same  force. 

Avalanches  originate  in  the  higher  regions  of  mountains,  and  are  formed 
of  gradually  accumulating  masses  of  snow,  which  at  last  become  so  ponderous, 
that  the  inclined  planes  on  which  they  rest  can  [no  longer  support  them, 
and  they  are  hurled  down  into  the  valley  beneath,  often  destroymg  villages 
with  all  their  inhabitants,  filling  up  rivers  so  as  to  change  their  course  sud- 
denly, and  scattering  abroad  Sie  rocky  debris  which  they  Jiave  brought 
down  with  them. 

Icebergs  are  immense  bodies  of  ice,  extending  occasionally  two  miles  long 
by  one  broad,  and  some  hundreds  of  feet  high,  which  are  found  floating  in 
the  polar  seas,  and  are  formed  in  two  ways — in  the  sea  itself,  by  the  accu- 
mulation of  snow  and  ice,  or  on  precipitous  shores,  in  glaciers,  which  are 
ultimately  broken  off  by  their  own  weight,  and  often  carry  with  them  enor- 
mous pieces  of  rock.  These,  as  the  icebergs  melt,  when  floated  into  warmer 
regions,  are  dropped,  with  all  their  lesser  earthy  contents  of  gravel,  &c.,  to 
the  bottom  of  the  ocean,  and  so  help  to  raise  its  bed.  The  erratic  masses  of 
stone  called  boulders,  found  scattered  in  various  parts  of  the  world  on  the 
surface,  without  any  apparent  connection  with  the  rocks  in  the  crust  beneath, 
are  supposed  to  have  been  thus  deposited  in  some  remote  time,  when  the 
locality  was  covered  with  the  deep  waters. 

Winds  raise  waves — ^which  again  act  upon  the  rocky  shores — uproot 
forests,  cover  green  valleys  with  barren  sand-drift,  ana  form  extensive 
Downs,  as  we  call  those  tracts  of  land  which  extend,  generally  at  a  hi^h 
level,  by  the  sea-shores. 

I%e  Electrical  Phenomena,  which  exert  a  sensible  action  on  the  surface  of 
the  earth's  crust,  are  as  yet  but  imperfectly  studied.  We  are  impressed 
by  thunder-storms,  for  we  can  at  once  appreciate  the  strength  of  the  power 
which  sets  fire  to  extensive  forests,  and  shivers  houses  and  rocks,  and  which 
not  unfrequently  reduces  the  human  form  in  an  instant  to  a  mere  blackened 
cinder ;  but  it  is  probable  that  the  slow,  imperceptible  effects  of  electricity 
are  of  infinitely  greater  importance  in  the  production  of  specific  geological 
effects.  How  intimately  connected  with  all  chemical  ana  vital  action  that 
power  is  which  we  know  under  the  various  names  of  electricity,  galvanism, 
and  magnetism,  is  a  recognized  truth ;  but  we  are  imable,  as  yet,  to  measure 
its  precise  effects  or  mode  of  operation.  One  single  fact  may  illustrate  suf- 
ficiently for  present  purposes  the  influence  this  power  must  exert  in  con- 
tinually modifying  and  changing  the  earth's  crust : — The  hardest,  and,  to 
all  other  powers,  most  intractable  of  substances,  can  be  artificially  dissolved 
and  re-organized  by  the  chemist  with  its  aid. 

Aqtieovs  Influences, — ^What  the  atmospheric  agencies  thus  break  down, 
the  aqueous,  to  a  great  extent,  carry  away ;  and  in  so  doing  still  further 
help  on  the  grand  operations  of  modification  and  change  of  the  earth's 
surface. 

Springs  open  out  channels,  which  may  ultimately  become  river-courses. 
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They  dissolye  the  rocks  and  minerals  between,  over,  or  aronnd  which  they 
pass.  Sometbnes  they  exercise  a  petrifying  power ;  and  if  heated  to  a  high 
temperature,  their  orcLinary  chemical  and  mechanical  forces  are  greatly  in- 
creaised.  Unless  yery  pure,  they  also  carry  down  to  the  riyers  into  which 
they  discharge  themselves  the  debris  collected  in  their  course. 

Itivers  perform  this  latter  operation  on  a  great  scale,  often  carrying  down 
towards  their  months  such  quantities  of  mud,  sand,  grayel,  &c.,  as  to  form 
yast  plains,  called  deltas,  like  those  of  the  Ganges  and  the  Kile.  But  riyers 
are  destroyers  as  well  as  carriers.     We  refer  to  the  process  known  in  geology 


JDenudation — a  word  meaning  to  lay  bare,  and  deyoted  to  the  expression 
of  the  effects  of  running  water  in  the  remoyal  of  solid  matters  on  the  surface, 
and  thus  of  laying  bare  some  rock  beneath,  which  is  then  said  to  be  denuded. 
The  power  of  riyers  in  this  way  has  been  reduced  to  the  following  calcula- 
tion : — If  the  speed  be  three  inches  per  second,  fine  clay  will  be  torn  up ;  if 
six  inches  per  second,  fine  grarel  will  be  raised ;  if  twenty-four  inches, 
rounded  pebbles  an  inch  in  diameter  will  yield  to  the  momentum ;  whHst  a 
speed  of  thirty-six  inches  in  the  second  is  sufficient  to  drive  along  angular 
stones  as  large  as  a  hen's  qq^.  The  effect  of  such  forces,  when  operating 
through  a  long  period,  is  almost  incredible.  There  are  gorges  in  the  valley 
of  the  Alps  600  to  700  feet  deep,  which  have  been  thus  scooped  out.  The 
great  cataract  of  Niagara  has  receded,',under  the  operation  of  this  power,  fifty 
yards  in  less  than  as  many  years  of  the  present  century.  These  facts  show 
the  ordinary  action  of  nvers ;  but  when  swollen  so  as  to  overflow  their 
banks,  a  new  class  of  effects  are  produced  on  the  surrounding  land,  and 
which  are  often  of  a  very  serious  character. 

Effects  of  River  Sediments  on  the.  Sea-hottoms, — The  sediments  thus 
formed  by  sJllthe  foregoing  influences,  and  borne  along  by  springs  and  rivers, 
are  deposited  by  the  sea-shores,  and  are  therefore  steadily  diminishing  the 
depths  of  the  sea.  Now,  as  the  quantity  of  water  on  the  globe  is  supposed 
to  be  constant,  this  change  in  the  sea  must  be  accompanied  by  an  increase  of 
the  whole  watery  or  oceanic  area,  or  the  surface  mi^  rise.  The  former  is 
probably  the  truth.  As  much  land  is  probably  worn  down  in  one  part  by 
the  action  of  the  waves  as  is  wasted  in  another  by  the  deposition  of  sedi- 
ments. For  such  waves,  by  their  restless  agitation,  undermine  the  cliffs 
that  are  above  their  level,  grind  away  the  rocks  that  are  covered  and  utl- 
ooveied  during  every  ebb  and  flow  of  the  tide,  and  form  out  of  the  materials 
at  its  disposal,  here  a  dangerous  sandbank — ^there  a  cultivatable  piece  of 
land,  out  of  what  was  merely  the  sea-shore. 

Organic  Influences  are,  perhaps,  the  least  important  of  all  those  we  have 
nam^  in  their  effects  upon  the  crust  of  the  globe.  They  are  not,  however, 
to  be  passed  over  in  silence.  Their  effects  may  be  summed  up  generally 
thus : — They  increase  the  superficial  soil— or  that  which,  at  some  time  or 
other,  has  been  the  superficial  soil — ^by  their  decay  after  death,  and  the  fresh 
luxuriance  of  organic  life  to  which  the  decay  gives  rise  by  the  increase  of  its 
food ;  such  organic  life  again  decaying,  and  so  on  perpetually. 

Plants  living  in  the  sea  do  not  probably  materially  affect  the  crust,  except 
by  their  support  of  animal  Hfe,  which,  as  we  shall  jpresently  observe,  has 
a  notioeable  effect  on  the  sea-bottom.  But  terrestrial  plants  play  a  more 
conspicuous  part :  witness  the  formation  of  great  bogs,  which  we  often  find 
(as  in  IrehuLd)  to  cover  a  very  eid^endye  spacci  and  to  sink  to  a  considerable 

It 
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depth — ihe  coal  measures  a  thousand  yards  deep-— and  the  accumulation  of 
trees  and  other  yegetable  matters,  which  are  carried  down  towards  the  sea 
in  svLok  vast  quantities  through  the  greater  rivers  of  the  world ;  as,  for 
instance,  in  the  Mississippi,  where  what  are  called  rafts,  formed  of  tangled 
trees,  roots,  and  brushw(x>d,  are  found  several  feet  thick,  and  several  imles 
in  length.  The  snags,  that  is,  trunks  of  great  trees,  buried  in  the  bed  of  the 
same  rivers,  and  which  frequently  project  so  high  as  to  endanger  steam- 
boats, also  sug^st  how  great  an  influence  vegeteble  remains  may  exercise, 
under  certain  circumstances,  in  changing  or  modifying  the  superficial  con- 
figuration of  particular  localities. 

Plants  have  at  the  same  time,  be  it  observed,  a  great  conservative 
tendency.  Their  matted  roots  bind  together  the  loose  sand  of  sea-shores, 
and  generally  everywhere  protect  the  soil  from  the  power  which  wind  and 
heavy  rains,  or  inundations,  would  otherwise  exercise  over  it. 

Animals, — ^We  have  already  had  occasion  incidentally  to  notice  the 
wcmderfnl  agency  of  animal  life  in  building  up  large  portions  of  the  actual 
surface  of  the  earth.  We  may  still  further  illusteate  this  point  by  a  few 
words  upon  that  most  interesting  of  animalculse,  the  coral,  whose  structures 
have  been  a  never-oeasing  theme  of  admiration  with  the  poet  and  naturalist. 
The  animal  itseK  is  scarcely  so  bi^  as  a  pin's  head,  is  of  a  soft  gelatinous 
structure,  and  star-shaped ;  and  m  order  to  form  a  single  branch  of  coral, 
millions  of  them  must  unite  their  tiny  bodies  together.  Yet  this  small, 
almost  invisible  creature,  through  its  power  of  secreting  lime  from  the 
water,  will  raise  solid  structures  in  the  sea  capable  of  resisting  the  wildest 
attack  of  the  waves,  and  which  shall  extend  to  immense  distances.  There 
are  groups  of  coral  reefs  in  the  Pacific  extending  from  1,100  to  1,200  miles 
in  length,  and  from  350  to  400  in  breadth.  Sometimes  the  reefs  appear  as 
islets;  sometimes  as  circular  belts,  inclosing  a  sort  of  lagime,  or  lake, 
within ;  but  generally  in  long  ridges,  averaging  in  width  from  20  to  100 
feet  thick.  The  circumstances  under  which  these  tiny  architects  labour 
make  the  results  the  more  wonderful.  *'  No  periods  of  repose  are  granted," 
says  Mr.  Darwin,  an  intelligent  observer,  "  and  the  long  swell  caused  by 
the  steady  action  of  the  trade- wind  never  ceases.  The  breakers  exceed  in 
violence  those  of  our  temperate  regions ;  and  it  is  impossible  to  behold  them 
without  feeling  a  conviction  that  rocks  of  granite  or  quartz  would  ultimately 
yield  and  be  demolished  by  such  irresistible  forces.  Yet  these  low,  insig- 
nificant coral  islets  stand,  and  are  victorious ;  for  here  another  power,  an 
antagonist  to  the  former,  takes  part  in  the  contest.  The  organic  forces 
separate  the  atoms  of  carbonate  of  lime  one  by  one  from  the  foaming 
breakers,  and  unite  them  into  a  symmetrical  structure ;  myriads  of  archi- 
tects are  at  work  day  and  night,  month  after  month,  and  we  see  their  soft 
and  gelatinous  bodies,  through  the  ageucy  of  the  vital  laws,  conquering  the 
great  mechanical  power  of  the  waves  of  the  ocean,  which  neither  the  Mrt  of 
man  nor  the  inanimate  works  of  nature  could  successfully  resist."  The 
coral  rocks  are  not,  of  course,  raised  directly  from  the  ocean's  bottom,  but 
on  the  summits  of  hiUs,  and  probably  of  volcanic  peaks,  both  of  which  are, 
perhaps,  far  more  numerous  at  the  bottom  of  the  ocean  than  on  the  land. 
Thomas  Montgomery,  the  author  of  the  Pelican  Islatidj  gives  us  tiie  fol- 
lowing fine  passage  descriptive  of  the  labours  of  the  coral  animalcule : — 

<<  MiUions  of  millions  thus,  from  age  to  age, 
With  simplest  skill  and  toil  nnweariabb, 
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No  moment  and  no  movement  unimproTed, 

Laid  line  on  line,  on  terrace  terrace,  spread, 

To  swell  the  heightening,  brightening,  gradual  monnd, 

B J  marvellous  structure  climbing  towards  the  day. 

£ach  wrought  alone^  yet  all  together  wrought : 

Unconscious,  not  unworthy  instruments 

By  which  a  nand  invisible  was  rearing 

A  new  creation  in  ihe  secret  deep. 

Omnipotence  wrought  in  them,  with  them,  by  them ; 

Thence  what  Omnipotence  alone  could  do. 

Worms  did.    I  saw  the  living  pile  ascend. 

The  mausoleum  of  its  architects — 

Still  dying  upwards  as  their  labours  closed : 

Slime  the  material,  but  the  slime  was  tum'd 

To  adamant  by  their  petrific  touch. 

Frail  were  their  frames,  ephemeral  their  lives, 

Their  masonry  imperishable.*'  ' 

On  examining  a  piece  of  coral,  its  surface  is  perceived  full  of  little 
openings,  each  of  which  contains  one  animal :  the  whole  coral  pile,  th^e- 
fore,  is  as  a  vast  house  for  the  family,  in  which  house  each  individual  has 
its  own  apartment.  Shell-fish,  on  tiie  contrary,  which  possess  the  same 
power  of  secreting  lime,  use  it  to  form  a  separate  shell  for  each  individual, 
and  which  has  no  connection  with  that  of  any  other  individual,  except  that 
of  mere  contiguity.  Oysters,  muscles,  and  cockles  are  thus  separate,  even 
while  forming  together  beds  of  many  miles  in  extent.  After  what  we  have 
seen  of  the  power  of  the  coral  animalculse  to  affect  the  earth's  surface  in*the 
ocean  depths,  we  need  not  be  surprised  at  the  statement  that  these,  and^the 
other  tenants  of  the  waters  belonging  to  such  trihes  as  the  zoophyta, 
testacea,  &c.,  flourish  in  such  amazing  profusion,  that  their  very  exuviae 
tend  markedly  to  fill  up  the  almost  boundless  depths  where  they  iohahit. 

Care  necessary  in  judging  of  the  ancient  from  the  modern  effects  of  the 
foregoing  influences, — ^Although  we  everywhere  recognize  through  aU  nature 
fixed  laws,  we  also  as  universally  behold  varying  conditions  under  which 
they  act.  It  is  not,  therefore,  to  be  assumed  that  what  changes  we  now  see 
going  on  in  modem  times  are  in  themselves  a  sufficient  measure  of  com- 
parison to  estimate  the  force  of  the  laws  causing  these  changes  in  remoter 
ones.  Light  and  heat,  for  instance,  are  phenomena  exlubiting  certain 
r^ularities  of  action  called  laws :  we  see  the  results  of  their  action  now ; 
we  know  the  source  of  light  and  heat  was  the  same  in  all  past  time  ;  and  we 
may,  therefore,  naturally  conclude  that  their  effects  were  very  much  the 
same  then  as  they  now  are.  But,  as  it  has  been  well  pointed  out,  let  the 
43an's  rays  be  but  supposed  to  fall  upon  the  earth  in  smaller  quantity, 
through  the  augmentation  of  the  minor  axis  of  the  earth's  elliptic  orbit ;  let 
the  temperature  of  the  ethereal  spaces  rise ;  who  does  not  see  that  all  the 
effects  depending  on  the  external  excitant  forces  would  immediately  change  ? 
Now  this  very  orbit  is  variable. 

Also  to  allow  for  'possible  causes,  of  great  moment  in  their  results,  but  of 
tcJiich  no  traces  remain, — Again,  what  physical  changes  may  not  be  wrought 
by  a  cause  of  so  trivial  a  character  that,  while  its  effects  might  modify  the 
entire  fjiture  of  the  globe,  it  should  leave  not  a  trace  of  itself  behind !  Sup- 
pose, for  instance,  an  earthquake  were  to  sink  the  Isthmus  of  Darien  but  a 
nundred  or  two  feet  below  iU  present  level,  who  can  estimate  the  eflBacts 
upon  the  Indian,  Mediterranean,  Atlantic,  and  Faoific  oceans  o\^x  «x^d&  ^1 
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enormous  extent,  and  affecting  tlie  stratified  deposits  and  physical  con- 
ditions, and  conse(j[nent  variations,  in  the  relative  abundance  and  geo- 
graphical distribution  of  organic  life  ?  These  and  similar  facts  show  how 
humbly  the  geologist  should  pursue  his  researches — yet  how  earnestly  and 
unremittingly — if  he  would  base  his  noble  and  beautiful  science  on  solid 
foundations. 

Nature* s  efforts  for  an  Equilibrium, — ^And,  independently  of  the  various 
truths  involved  in  the  phenomena  we  have  glanced  at  in  the  preceding 
pages,  what — ^it  may  be  asked — ^is  the  higher  meaning  of  the  whole  ? — the 
objects  sought  by  all  this  incessant  change  and  conflict  ?  We  may  answer, 
in  the  eloquent  words  of  the  Cyclopsedist  writer  already  referred  to,  "  The 
never-ceasing  activity  of  the  powers  of  nature  is  an  inextinguishable, 
though  an  unavailing  effort  to  restore  an  equilibrium  which  is  incessantly 
disturbed.  The  Protean  changes  of  the  atmosphere ;  the  varying  effects 
which  its  chemical  and  mechanical  energies  occasion  among  the  masses  of 
dead  matter  and  the  forms  of  life ;  the  flowing  of  the  ocean ;  the  subter- 
ranean fire,  and  wide  wasting  of  tiie  earthquake,  are  all  efforts  to  obtaiii 
rest,  consequent  on  a  succession  of  perturbations.  In  this  sense,  not  the 
earlii  only,  but  all  the  solar  system — ^and,  perhaps,  all  the  extent  of  the 
heavenly  spaces — conceivable  rather  than  visible  by  man — ^is  in  the  con- 
dition of  instability  described  in  the  Pythagorean  pmlosophy,  Nihil  est  tota 
quodjperstet  in  orbe,^* 


CHAPTER  Y. 

GEANITE   AND  THE  PEIMARY  ROCKS, 


MOUNTAINS  OF  GKANITB  AND  MICA  SLATE,  GLEN  SANNOX,  ISLB  OP  ABILaK, 

On  the  Successional  Order  in  which  Strata  should  he  described, — ^We 
eommenoe  our  description  of  the  different  rocks,  unstratified  and  stratified. 
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at  what  we  may  call  the  base  of  the  geol(^cal  stmctore.  In  proceeding 
from  the  surface,  or  latest  formation,  down  to  the  granite,  we  take  the 
course  that  naturally  offers  itself  to  us,  as  residents  on  the  surface.  We 
have  been  familiar  with  this  first,  and  have  only  delved  down  from  it  as 
our  material  wants  and  our  scientific  aspirations  suggested.  We  haye^ 
therefore,  presented  all  the  g^logical  formations  in  this  order  in  the  table 
that  we  gave  in  our  third  chapter.  On  the  other  hand,  when  we  come  to 
describe  these  formations,  it  is  obviously  unnatural  to  begin  at  what  was 
but  the  last  of  a  series  of  operations,  aU  connected  with  each  other  in  the 
due  order  of  cause  and  effect.  We  will,  therefore,  commence  with  the 
nnstratified  or  igneous  rocks. 

Plutonic  and  Volcanic  Hocks, — These  are  divisible  into  two  great  classes : 
1,  the  Granitic,  or,  as  some  geologists  call  them,  the  Plutonic ;  and  2,  tiiie 
Yolcanic.  We  shall  speak  of  the  latter  in  a  subsequent  portion  of  iJiese 
papers. 

Igneous  Rocks  not  always  preceding  the  Aqueous', — It  is  important  that 
the  student  of  geology  should  bear  in  mind  that  although,  as  a  broad  general 
role,  the  igneous  preceded  the  aqueous  rocks,  it  by  no  means  follows  that  all 
the  igneous  rocks  are  older  than  all  the  aqueous  ones.  The  reverse  is  very 
often  the  case.  It  is  highly  probable  that  the  same  state  of  things  whicn 
originally  produced  granite  during  the  very  earliest  period  of  the  earth's 
hi£^ry  continued  stHl  to  exist,  and  to  be  in  operation  at  limited  depths  in. 
the  earth's  crust,  long  after  sedimentary  rocks  had  been  deposited.  Yolcanio  - 
formations  are  still  constantly  rising  under  our  very  eyes,  and  we  need  not, 
therefore,  speak  of  their  comparatively  modem  date  in  many  instances. 

Chranite  sometimes  formed  later  than  the  Rocks  that  lie  above  it, — ^As  at 
once  a  proof  and  consequence  of  the  production  of  granite  later  than  some 
of  the  rocks  that  overlie  it,  we  may  instance  the  many  known  examples  of 
the  upward  flow  of  fluid  granite  into  fissures  of  the  latter,  just  as  in  our 
iron  rumaces  the  melted  ore  is  found  to  penetrate,  as  veins,  into  the  centre 
of  the  sandstone  walls.  Sir  Charles  Lyell,  indeed,  thinks  that  granite  may 
be  still  in  process  of  formation,  through  the  melting  of  the  rocks  that  lio 
aJbove  it  when  exposed  to  the  eartlrs  intense  interior  heat,  which  thua 
lessens  their  amount,  destroys  what  organic  remains  may  have  existed  in 
them,  and  reduces  the  whole  into  a  part  of  the  general  mass  of  the  interior 
of  the  earth.  Such  speculations  show  us,  among  other  legitimate  deduc- 
tions, that  incalculable  as  geological  eras  of  time  already  are  made  to 
appear,  by  what  we  see  in  the  crust,  even  that  crust  itself  can  give  us  but  a 
part — possibly  a  small  one — of  the  whole  truth.  So  that  the  history  of  an 
indiviaual  world  seems  scarcely  less  wonderful  than  that  of  all  the  bodies  of 
^ace,  where,  when  one  has  arrived  at  last  at  something  like  the  compre- 
hension of  a  universe,  he  finds  that,  instead  of  being  at  the  end  of  his 
journey,  he  is  scarcely  nearer  to  it  than  when  he  set  out,  for  now  he  dis- 
covers a  plurality  of  universes,  if  we  continue  to  use  the  term  imiverse  in 
the  same  sense  in  which  we  have  previously  imderstood  it. 

Granite,  general  description  of, — (Jranite  presents  itself  in  many  forms— 
now  as  stupendous  mountain  ranges,  such  as  the  Alps,  the  Pyrenees,  the 
Grampians ;  now  as  a  floor  of  an  undulating  form ;  now  as  veins  bursting 
up  through  the  strata  above,  and  ramifying  in  a  thousand  different  shapes ; 
everywhere  presenting  in  its  forms  proof  of  its  originally  igneous  state.  In 
vhat  is  call&d  granite  districts — ^that  is,  where  granite  appears  above  the 
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surface — ^fiie  soeaery  is  of  a  ragged  as  well  as  mountamons  character,  to 
which  the  snow- dad  peaks  often  lend  a  strangdy  harmonious  comhinatian 
of  the  soft  and  the  beautiful  with  the  grand  and  the  desolate. 

Structure  of  Granite, — In  itself  granite  is  one  of  the  most  beantifiil  of 
rocks,  both  as  regards  structure,  variety  of  constituents,  and  colours.  It  is 
composed  chiefly  of  mica,  felspar,  and  quartz,  in  distinct 
crystals;  but  it  is  also  found  to  contain  hornblende, 
garnet,  talc,  and  numerous  other  minerals.  The  crystals 
of  the  mica  and  felspar  are  often  of  great  beauty,  while 
the  quartz  commonly  fills  up  the  interstices  between  the 
GBANiTE.  two.     The  colours  are  extremely  various.     Felspar  is 

found  red,  grey,  yellow,  white,  green;  mica — ^black, 
grey,  white,  brown,  or  silvery ;  quartz  is  generally  clear  white  or  grey ; 
hornblende  dark  green  or  black.  The  individual  grains  of  the  component 
parts  of  granite  can  be  clearly  distinguished ;  sometimes  they  are  small,  as 
in  the  Aberdeen  granite.  Mica  is  found  in  laminae,  some  inches  across ; 
also  in  small  plates.  The  felspar  in  graphic  granite  forms  almost  one  huge 
crystallized  mass.  This  latter  derives  its  name  from  the  circumstance  that 
the  minerals  in  it  are  occasionally  found  arranged  in  a  manner  that  has  been 
likened  to  the  lines  of  Arabic  writing. 

The  Uses  of  Granite  are  chiefly  confined  to  building,  and  some  of  tiie 
most  extraordinary  structures  of  the  world  have  been  formed  of  it ;  for 
instance,  the  Egyptian  pyramids.  Its  extreme  hardness  renders  it  of  pre- 
eminent value  for  all  edifices  of  a  permanent  character.  The  granite  used 
in  London  for  Waterloo  Bridge,  and  for  the  river  wall  of  the  New  Houses 
of  Parliament,  was  brought  from  Aberdeen,  where  it  forms  the  ordinary 
building  stone.  Of  late  years  the  red  granite  of  Peterhead,  in  Scotland,  has 
been  used  for  vases,  chmmey-pieces,  &c. :  it  is  brought  by  machinery  to  a 
high  polish.  Mica  and  talc  may  be  occasionally  found  in  single  crystels  of 
a  foot  or  so  square,  and  then  become  admirably  fitted  for  splitting  up  into 
thin  transparent  plates,  that  may  be  used  instead  of  glass.  Some  believe 
the  Komans  used  such  plates  for  the  garden  frames  in  which  they  grew 
early  fruits  and  fiowers.  Talc  will  bear  a  higher  heat  than  glass  wimout 
injury ;  and,  when  used  in  ships  of  war,  is  rendered  less  liable  to  break  by 
the  explosion  of  ordnance.  The  Chinese  use  decomposed  felspar  in  the 
manufacture  of  their  best  earthenware ;  and  we  ourselves  have  found  it  of 
such  value  for  the  same  purpose,  that  many  thousand  tons  are  annually 
brought  from  Cornwall  to  the  English  potteries. 

Primary  Mocks:  Gneiss  and  Mica  Schist  Systems, 

Formation  of  Gneiss  and  Mica  Sehist, — As  the  crust  of  the  earth  cooled 
under  the  operation  of  the  influences  described  in  Chapter  I.,  it  appears  to 
have  crystallized  into  granite.  That  was  the  first  step  in  the  economy  of 
creation.  The  next  was  produced  by  the  combined  influences  of  Uris 
gradually  lessening  heat,  and  of  atmospheric  and  watery  action  upon  tlie 
surface.  Hence  the  strata  known  under  the  names  of  the  Ghieiss  and  Mioa 
Schist  systems.  These  are,  imquestionably,  the  oldest  watery  depositB 
known,  and  have  probably  preceded  the  period  of  the  existence  of  Kfe  in  any 
shape.  They  also  extend  so  largely  over  the  world  as  to  approaoli  nearer 
to  imiversal  formations  than  any  of  later  date.  Nowhere  do  we  find  any 
trace  ^of  their  formation  in  the  present  time ;  they  seem  to  be  altogether 
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productions  of  liie  past.  The  peculiar  eiicamstances  under  which  they  were 
Ibrmed  appear  to  be  these ; — The  internal  heat  of  the  earth  had  cooled  doim 
sufficiently  to  allow  of  a  certain  action  of  water,  without  the  latter  passing 
off  into  steam,  but  was  yet  too  hot,  and  in  other  respects  unsuitable,  for  the 
appearance  of  organized  beings. 

Popular  Itock  Cla88t/ication,^—ljet  us  here  pause  for  a  moment  to  remark 
that  all  the  stratified  rocks  of  geology  may  be  presented  under  one  very 
simple  and  instructive  aspect — ^that  of  their  essential  constituents.  Thus — 
The  Silicious,  or  Flinty  series  :  commencing  with  granite,  and  passing 
tiirough  the  gneiss  and  mica  schist  rocks,  the  grauwaoke,  sandstone,  and 
sand. 

The  Ai^^illaceous,  or  Clayey  series :  including  gneiss  and  mica  schist, 
clay  slate,  slaty  shale,  laminated  clay,  and  alluvial  or  common  clay. 

The  Calcareous  and  Granite,  gneiss  and  mica  schist,  crystalline  marble, 
limestone  chalk,  and  common  marl. 

The  Carboniferous :  commencing  with  coal,  the  product  of  the  decay  of 
organic  (vegetable)  life,  and  following  from  this,  in  order  of  intensity  of 
effect,  not,  as  in  the  previous  instances,  resulting  from  it,  lignite  and 
common  peat. 

Structure,  ^c»y  of  the  Gneiss  and  Mica  Systems, — As  might  naturally  be 
expected  from  a  consideration  of  the  fapts  already  mentioned,  gneiss  and 
mica  schist  consist  essentially  of  the  same  substances  as  granite,  but  altered 
in  their  relative  proportions,  and  having  various  other 
minerals  added.  But  the  most  important  distinction  be- 
tween the  two  classes  of  rocks  is  in  the  structure.  Granite, 
as  we  have  pointed  out,  is  crystallized ;  each  mineral  in  it 
forms  an  individual  independent  crystal,  or  at  least  oc- 
^^  cupies  the  space  left  vacant  between  crystals.     In  gneiss 

®^*  and  mica  schist,  on  the  contrary,  the  very  same  materials 

-T-the  felspar,  quartz,  and  gneiss — are  rolled,  or  rounded,  or  in  fragments, 
eyidently  the  result  of  watery  action.     Again,  granite 
presents  no  appearances  of  lamination  or  stratification ;        j^^^^^^^ 
whilst  gneiss,  however  hardened  or  contorted  by  the     ^^^^^^^^f^ 
^^^  treatment  it  has  undergone,  in  the  then  chaotic   JfiZ^^^^^^^j^ 
oofiaition  of  the  globe,  always  reveals  both  these  cha-  <-"     ^i  11'"^ 

racteristics  in  its  structure.   There  can  be  no  difficulty,  mica  schist. 

therefore,  in  sajdng  the  fragments  worn  down  must 
have  been  deposited  in  a  sediment,  and  heat  and  pressure  did  the  rest. 
These  structural  differences  are  illustrated  in  our  engravings. 

Illustration  of  the  Heat  existing  during  the  formation  of  Gneiss  and  Mica 
8eh%st, — ^It  is  interesting  to  observe  how  often  in  geology  some  accident  re- 
veals important  portions  of  history.  The  garnet  does  this  for  the  systems 
under  review ;  for  the  fact  that  it  is  found  in  them  shows  that  the  rocks  in 
vldch  it  is  imbedded  must  have  assumed  their  present  condition  under  a 
heat  powerful  enough  to  form  that  mineral  by  fasion,  but  which  could  not 
melt  the  constituents  of  the  rocks  themselves,  01  they  would  again  have 
beoome  crystallized,  as  in  the  original  granite. 

Scenery  of  Granite,  Gneiss,  and  Mica  Schist  districts, — ^The  enffravin^  at 
tihe  head  of  this  chapter  is  a  glimpse  of  the  kind  of  scenery  tiiat  exists 
where  there  is  a  TOedominance  of  granite,  and  gneiss,  and  mica  schist  rocks 
on  Ihe  eaxfaiae.    The  granite  generally  in  such  cases,  forms  the  projectan% 
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mountain  peaks,  and  the  hard  angular  precipices ;  while  the  gneiss  and 
mica  schist  occupy  the  lowlier  sites,  and  tbe  rounder  outlined  masses ;  for 
the  latter  heing  softer,  lose  their  angularities  sooner  than  granite.  The 
gneiss  or  mica  schist  rocks  occur  abunaantly  in  our  own  country,  especially 
in  the  Scottish  highlands  and  isles.  Some  of  the  most  picturesque  effects 
of  highland  scenery,  with  its  deep  glens  and  precipitous  mountain  and  hill 
sides,  are  found  among  them. 

Uses  of  GnetsSj  8fc, — ^The  uses  of  the  rocks  of  these  systfems  are  not  re- 
markable. The  primitive  limestones  which  they  include  make  valuable  mar- 
bles. Yases  are  formed  from  stea  schist,  the  lapis  ollaris  of  antiquity. 
Flexible  asbestos  is  found  among  the  mica  schists,  and  is  used  for  the  con- 
struction of  fireproof  fabrics.  Of  their  mineral  contents  the  garnet  is  the 
chief:  the  finest  examples  of  this  stone  are  dug  up  from  among  these  rocks. 
Tin  and  copper  also  occur  in  veins  running  through  them. 

Clay  Slate  {^Cambrian  and  Skiddaw),  Grauwacke,  and  Silurian  Systems, 

Clay  the  distinguishing  Constituent  of  these  Rocks, — At  length  we  touch 
upon  the  boundaries  of  life,  and,  where  that  begins,  the  primeval  chaos 
must  be  nearly  at  an  end.  Before  we  ask  ourselves  what  Dfe  it  was  that 
thus  early  ventured  forth  from  the  womb  of  time,  let  us  notice  the  material 
changes  that  prepared  the  way  foi*  it.  As  flint,  or  silica,  was  the  cha- 
racteristic of  the  gneiss  and  mica  schist  systems,  so  is  clay  the  dis- 
tinguishing feature  of  the  systems  named  above.  We  may  also  observe 
that  the  clayey  or  argillaceous  rocks  of  this  series  bear  the  same  relation 
to  the  flinty  gneiss  and  mica  schist  as  the  clays  and  the  sands  upon  which 
we  now  walk.  Fineness  of  particle  seems  to  be  the  only  essential  difference 
distinguishable  between  the  mineral  constitution  of  many  sands  to  clays. 
We  can,  therefore,  readily  understand  how  particles  worn  down  from  the 
same  rocks  (of  mica  schist,  for  instance),  may  have  been  separated,  and 
carried  by  the  waters  to  different  distances,  and  ultimately  deposited  in 
altogether  distinct  beds.  And  thus,  also,  is  explained  the  fact  that  the 
gneiss  and  mica  schist  rocks  are  seldom  found  to  any  extent  in  the  same 
districts  as  the  clay  slates,  and  that,  in  consequence,  the  latter  not  unfre- 
quently  rest  on  the  granite  rocks,  without  any  interposition  of  gneiss  and 
mica  schist,  as  in  Cornwall  and  Cumberland. 

Clay  Slate, — The  distinguishing  peculiarities  of  the  clay  slate,  grauwacke, 
and  Silurian  systems  may  be  thus  described : — Clay  slate  consists  almost 
entirely  of  argillaceous  compounds.  It  is  found  in  beds  of  immense  thick- 
ness, with  a  fine  grain — sometimes  hard  and  splintery,  sometimes  soft  and 
easily  worn  away — glistening  aspect,  and  of  various  colours — green,  black, 
bluish,  mottled,  and  purole.  There  is  a  group  of  slates  and  flagstones 
near  Snowdon,  in  North  Wales,  fifteen  thousand  feet  thick. 

Grauwacke, — Here  the  argillaceous  compounds  are  mingled  with  arena- 
ceous, or  sandy  strata,  the  whole  forming  an  aggregate  of  clay,  quartz 
grains,  or  sana,  felspar,  and  mica,  with  fragments  of  jasper  and  other 
minerals.  The  structure  is  variable.  Grauwacke  may  be  found  as  fine  as 
a  coarse  slate,  and  as  rough  as  a  mere  conglomeration  of  pebbles. 

Silurian, — The  limestones  which  occur  partially  in  the  previous  systems 
now  appear  much  more  frequently,  so  that  the  argillaceous  compounds  are 
here  largely  blended  with  calcareous  matter.    The  rocks  of  the  grauwa^e 
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and  tlie  Silurian  sjjrstems  are  not  readily  distinguishable,  except  in  their 
native  masses.  Tnese  show  that  the  latter  formation  contains  more  frequent 
alternations  of  strata,  have  suffered  less  alteration  from  heat,  and  are 
generally  of  a  looser  texture,  suggestive  of  their  higher  state  of  preparation 
for  the  beings  they  were  to  nourish. 

Superficial  Characteristics  of  these  Mocks, — As  a  whole,  we  may  say  of 
these  argillaceous  stratas  generally,  that  they  are  widely  distributed,  and 
possess  strongly-marked  superficial  characteristics.  The  blue,  grey,  green, 
or  purple  colours,  the  generally  fine  grain,  the  laminated  structure — often 
exhibiting,  also,  regular  symmetrical  joints — and,  lastly,  what  is  called 
the  qualify  of  cleavage  in  tne  clay  slate,  which  enables  us  to  split  it  up  into 
thin  plates  at  nearly  right  angles  to  the  line  of  stratification,  are  all  features 
that  at  once  arrest  the  eye  of  those  who  see  them  for  the  first  time,  and 
cause  them  to  be  oa^kr  remembered  and  distinguished  afterwards. 

8laie  Cleavage, — This  curious  phenomenon,  the  cleavage,  is  attributed  to 
heat,  which,  while  sufficient  to  produce  that  entirely  new  form  of  material 
structure,  was  still  moderate  enough  to  allow  of  the  development  of  the 
new  and  infinitely  greater  wonder,  organic  being ;  or,  supposing  it  to  have 
taken  place  at  a  later  time,  and  under  circumstances  that  caused  life  in  that 
special  locality  to  be  destroyed,  the  heat  was  still  insufficient  to  destroy  the 
organic  remains  which  were  to  tell  us  their  history.  To  that  theme  we  now 
address  ourselves. 

First  appearance  of  Life  on  the  Glole, — As  all  we  know  of  the  animal 
and  vegetable  life  of  the  world  in  remote  periods  is  derived  from  the  petri- 
fied remains  of  certain  plants  and  animals,  it  is  important  to  consider  how 
far  this  fossil  record  is  complete.  Obviously  it  is  incomplete.  On  the  one 
hand,  we  cannot,  for  an  instant,  suppose  that  specimens  of  every  living 
thing  were  deposited  in  the  sedunents  that  ultimately  became  rocks,  and 
^en  reduced  their  organic  contents  inte  the  same  hardened  materials  as 
themselves ;  nor,  on  the  other,  can  it  be  supposed  that  we  have  exhumed 
.  anything  like  a  complete  set  of  the  specimens  that  have  been  thus  preserved. 
But  even  rocks  have  been  subjected  to  such  heat  as  would  destroy  their 
inclosed  fossils.  Above  all,  there  are  the  seas  and  oceans,  of  whose  bot- 
toms we  can  know  nothing,  covering  the  larger  portion  of  the  entire  crust  of 
the  earth.  All  these  sources  of  imperfection  must  be  kept  in  view  in  ex- 
amining the  geological  records  of  liie. 

Lowest  strata  in  which  Organic  Memains  have  been  discovered, — ^It  was 
long  supposed,  nor  is  the  idea  yet  abandoned,  that  the  Silurian  was  the 
lowest  system  in  which  organic  remains  had  been  discovered.  The  name 
Silurian,  let  us  observe  by  the  way,  was  adopted  to  indicate  the  fact,  that 
the  beds  which  compose  that  system  are  largely  developed  in  that  part  of 
the  West  of  England  which  was  occupied  in  Qie  Roman  period  of  domination 
by  the  Silures.  But  organic  remains  have  been  discovered  of  late  years 
below  the  Silurian  base  in  England,  and  in  strata  in  America,  which  the 
geologists  of  the  country  believe  to  be  also  of  earlier  formation.  It  is  possible, 
therefore,  that  life  commenced  with  the  gneiss  and  mica  schist  systems;  and 
the  beds  of  limestone  comprised  in  it  are  especially  noted  in  connection  with 
this  hypothesis. 

The  earliest  Living  Things, — And  in  what  form  does  this  great  revelation 
first  present  itself?  The  answer  is — the  very  humblest;  in  markings  pro- 
duced by  facoids  (a  tribe  of  sea  plants),  in  the  lower  Silurian  rocks  of 
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Russia.  Thus  the  food  of  animals  preceded,  as  we  miglit  natnrally  sDqppose, 
the  flnimftla  themselves.  Of  the  latter,  the  earliest  appear  to  haye  be^  the 
polyparia,  already  described,  the  builders  of  the  gigantic  coral  reefs ;  the 
Graptolitesja  family  allied  to  the  sea-pens  of  modem  oceans,  which  burrow 
in  the  sand  and  slime  of  deep  water ;  and  the  Crinoidea,  a  kind  of  star-fish, 
fixed  on  the  top  of  a  flexible  stalk,  rising  from  the  sea-bottom,  one  of  the 
very  lowest  of  animals  in  its  organization,  possessing  arms  to  catch  its  food, 
and  a  stomach  of  one  aperture  to  digest  it,  and  nothing  more— eaters  for 
eating's  sak«,  one  might  be  apt  to  say ;  but  the  meaning  of  its  peculiar 
structure  seems  to  be  partially,  at  least,  indicated,  when  we  learn  that  it 
belongs  to  the  echinodermato,  tiie  police  of  the  seas,  which  do  not  simply 
arrest  the  troublesome  mobs  of  those  lower  regions,  but  deyour  them,  and 
so  keep  the  way  clear.  There  have  been  also  found  in  the  Silurian  format 
tions  examples  of  the  annelida,  oi^  sea- worms;  of  the  Crustacea,  represented 
by  one  almost  omnipresent  animal,  the  trilobite,  an  inhabitant  of  the  sea, 
not  unlike  our  wood-louse ;  of  the  mollusks,  including,  among  many  less 
highly  organized  species,  the  nautilus  and  cuttle-fish.  All  these  belong  to 
the  inferior  of  the  two  great  divisions  of  animal  creation — ^the  vertebrated 
and  invertebrated,  the  first  having  a  back-bone,  and  the  higher  nerroas 
system  which  that  structure  implies ;  and  the  second  wanting  that  structure, 
and  therefore  possessing  only  a  lesser  degree  of  nervous  development.  But 
a  few  faint,  yet  highly  important  traces  have  been  discovered  in  the  Silurian 
system  of  fishes,  the  first  step  in  the  ascending  scale  of  vertebrated  animals. 

The  results,  therefore,  of  aU  these  facts  may  be  summed  up  thus : — 

Dry  land  existed  during  these  systems,  and  gave  birth  to  plants,  chiefly, 
if  not  entirely,  in  the  upper  strata.     There  are  no  traces  of  land  animals. 

The  marine  animals  were  probably  very  few  in  the  older,  and  grew  more 
numerous  in  the  later  parts  of  the  systems. 

There  is  no  particular  degree  of  simplicity  in  the  structure  of  these,  tiie 
earliest  animals  j  nor  within  certain  limits  are  they  confined  to  the  lowest 
classes  of  organized  beings.  At  the  same  time,  the  lowest  vertebrated 
animals  do  but  just  appear  in  them ;  and  the  higher — ^reptiles,  birds,  mam- 
malia— are  unknown. 
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CHAPTER  VI. 

PKIMAEY  SXBATA — CLAT  SLATE,   GRATTWACKE,   AND  SILFKIAK 

SYSTEMS — oowtintied. 


Speenoriies  BdUieus, 


2.  Caienipora  escharoides. 


4,  Ogygia  (prAsaphtts)  Buehii. 


Earliest  Living  Things  {continued), — Few  persons,  we  imagiiie,  can  look 
at  the  extraordinary  creatures  shown  in  the  above  design  without  some- 
thing like  a  thrill  of  emotion,  when  they  are  informed  these  are  among  the  t»fy 
earliest  [known)  forms  of  animal  life.  One  of  the  very  oldest  of  all  appears 
to  be  that  we  have  placed  first — the  Spcenorites  JBaUtcus,  which  belongs  to 
the  fenuly  of  Radiata.  The  mouth  is  at  the  upper  side,  o,  and  a  stem,  rarely 
found  with  the  fossil,  extended  from  the  opposite  extremity,  b.  It  is  found 
in  the  Ilandeilo  rocks,  in  Wales.  The  beautiful  chain  coral  ( Catenipora 
escharoides)  illustrates  the  general  richness  of  the  Silurian  formation  in  tihe 
fiBmily  to  which  it  belongs.  It  is  widely  spread  through  Europe.  The 
OraptoUtes  are  here  represented  by  the  G,  Murchisoniif  as  found  in  the 
shales  of  the  Silurian  system.  They  are  believed  to  be  related  to  the  genera 
Pennatula  and  Virgularia,  and  if  so,  were  doubtless,  like  the  existing  species 
belonging  to  these  genera,  accustomed  to  live  in  mud  and  slime.  Lastly, 
the  tnlobites  appear  before  us  in  the  person  of  the  animal  named  Ogygia 
(or  Asaphus)  Buehii.  This  family  of^  crustaceans  was  to  the  Silurian  seas 
what  our  crabs  and  shrimps,  &c.,  are  to  the  seas  of  modem  times.  Upwards 
of  two  hundred  and  fifty  species  of  tnlobites  have  been  already  drawn  and 
described.  They  are  supposed  to  have  swum  at  the  suxfiace  of  the  water,  ia 
the  open  sea,  and  near  the  coasts,  feeding  on  their  smaller  marine  com- 
panions ;  and  to  have  been  able,  when  themselves  threatened  with  any 
mijl^leasant  consequences^  whether  by  way  of  retaliation  or  as  merely  an 
incident  in  the  same 

"  Good  old  plan, 
That  he  Bhould  take  who  has  the  power, 
And  he  should  keep  who  can," 
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to  roll  themselves  into  a  sort  of  defensive  ball.  The  mode  of  progression  is 
doubtful.  The  animal  may  have  had  soft  paddles,  which  were  incapable  of 
preservation,  or  it  may  have  used  the  flexible  power  of  its  body  to  produce  . 
locomotion.  Its  eyes  form  a  particularly  interesting  feature,  both  ror  their 
organization  and  t^e  use  that  an  eminent  geologist,  I>r.  Buckland,  has  made 
of  them,  in  explaining  the  condition  of  the  seas  in  ancient  geological  eras. 
There  are  two  eyes,  each  consisting  of  400  compartments,  or  spherical  lenses, 
which  are  so  placed  on  the  surface  of  a  cornea,  projecting  conically  upwards, 
that  they  all  look  outwardly  from  the  animal's  head.  These,  then,  are  raised, 
so  that  the  animal,  from  its  position  at  the  bottom  of  the  waters,  can  see  all 
around  without  any  hinderance  from  its  own  protuberant  body ;  but  their 
inward  lines  of  vision  do  not  cross  each  other,  as  that  would  have  been  an 
unnecessary  waste  of  power — a  striking  instance  of  the  combination  of  fertility 
and  economy  that  Nature  so  often  loves  to  present  unto  us.  Wealth,  not 
waste,  seems  ever  her  motto.  But  the  trilobite  has  been  a  means  of 
important  special  instruction  to  the  geologist.  It  told  Dr.  Buckland  that 
the  air,  the  Hffht,  and  Hie  sea- waters  of  the  incalculably  distant  eras  when 
the  trilobites  nourished  in  such  amazing  profusion,  were  essentially  as  they 
are  now.  For,  first,  if  the  deep  waters  had  been  turbid,  such  delicate 
organs  of  vision  would  have  been  useless ;  second,  had  the  atmosphere 
ditfered  from  its  present  condition,  the  rays  of  light  would  have  been  also 
affected  to  a  different  result,  and  then  we  should  not  have  found,  as  we  do 
find,  the  eyes  of  existing  crustaceans  agreeing  with  the  older  crustaceans  in 
question ;  and,  thirdly,  as  to  light  itseu,  it  is  certain  that  the  mutual  rela- 
tions of  light  and  optical  vision  were  essentially  the  same  then  as  now, 
because  the  essential  organizations  of  the  eye  in  both  periods  is  the  same — a 
happy  instance  of  sound  logical  and  geological  deduction. 

Already  the  distinction  with  which  we  are  familiar,  between  the  vegetable 
feeders  and  the  Camivoria,  or  flesh-eaters,  existed.  The  trilobites  belonged 
to  the  latter  class. 

Condition  of  the  Earth* s  Surface, — The  chief  characteristics  of  the  sur- 
face of  the  crust  during  the  existence  of  these  systems  are  shown  pretty 
clearly  by  the  differences  of  the  strata.  The  clay  slates  must  have  been 
compressed  from  fine  clayey  soil  into  their  present  state  by  waters  of 
immense  depth,  but  undisturbed  by  agitation.  The  sand  and  gravel  of  the 
grauwacke  (or  grey  rock)  reveal  the  effects  of  rivers,  and  of  the  action  of  the 
sea  upon  its  shores.  The  lime  of  the  Silurian  rocks  tells  us  of  the  long 
labours  of  the  coral  builders  in  raising  the  beds  and  reefs  of  limestone. 

Igneotis  Rocks  associated  with  the  system, — Certain  igneous  rocks,  not 
already  mentioned,  are  generally  associated  with  these  aqueous  rocks.  They 
are  serpentine,  poiphyry  with  greenstone,  and  other  varieties  of  trap  ;  the 
last  we  shall  speak  of  in  connection  with  the  volcanic  rocks.  Serpentine 
derives  its  name  from  the  contrasts  of  colour  that  it  often  exhibits,  ana  which 
distantly  resemble  the  skin  of  some  serpents.  It  usually  contains  much 
magnesian  earth.  The  term  porphyry  is  derived  from  a  Ghreek  word,  signi- 
fying purple,  and  is  as  old  as  the  days  of  Pliny,  when  it  was  applied  to  a 
leddish  rock,  containing  crystallized  felspar,  brought  from  Egypt,  and  used 
in  ancient  sculpture.  It  is  now  appHed  to  all  unstratified  rocks  in  which 
detached  cryst^  are  imbedded. 

Scenery  of  the  Transition  -KocA;*.— The  finest  examples  of  the  scenery  pro- 
duced by  the  transition  rocks — ^as  those  under  notice  are  called  by  some 
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geologists,  who  consider  them  to  occupy  a  place  between  the  primary  and 
the  secondary — ^maj  be  found  in  Wales,  where,  says  Professor  Phillips, 
supported  by  granite,  and  mixed  with  igneous  masses,  the  slaty  rocks  of 
the  English  lakes  rise  to  more  than  three  thousand  feet  in  height,  and  pre- 
sent a  YSLTiety  of  outline,  and  intricacy  of  combination,  which,  in  connection 
with  clear  lakes  and  considerable  waterfalls,  leave  to  Switzerland  little 
superiority.  But  they  also  extend  generally  over  the  world,  sloping  away 
from  the  sides  of  its  principal  mountain  ranges. 

Uses, — Some  of  the  uses  of  the  rocks  of  this  formation  hardly  need 
to  be  mentioned,  they  are  so  well  known.  The  clay  slates  supply  our 
schools  with  the  popular  instrument  of  instruction  in  writing  and  cipher- 
ing, and  the  roofs  of  our  houses  with  the  best  of  coverings.  Slate 
boxes  are  also  beginning  to  be  used  in  our  conservatories,  and  the 
slate  itself  for  a  variety  of  other  ornamental  purposes.  The  Silurian 
rocks  contribute  their  help  in  the  shape  of  flagstones  for  our  street 
payements  ;  whilst  the  limestones  famish  various  ornamental  marbles. 
But  the  metals  they  give  us  are  stiU  more  important.  Indeed,  these  rocks 
generally  are  (with  the  exception  of  the  lead  and  ironstone  of  the  carboni- 
ferous system)  the  richest  of  all  others  in  this  respect,  as  they  include  gold, 
silver,  tm,  lead,  copper,  &c.,  which  are  found  in  metallic  veins  traversing 
the  clay  slate. 

SECONDARY  STRATA. 

The  Carboniferous  System :  The  Old  Red  Sandstone^  or  Devonian  Rocks. 

Namey  ^c,  of  the  System, — This  system  includes  the  Old  red  sandstone , 
the  Mountain  limestone,  and  the  Coal  measures ;  from  the  latter  the  group 
derives  its  name — coal-bearing. 

The  Old  Red  Sandstone. — Upon  the  hollows  and  elevations  of  the  undu- 
lating bed  of  the  sea,  around  the  ranges  of  the  primary  rocks,  produced  by  the 
later  phenomena  of  the  first  great  geological  era,  the  secondary  strata  began 
to  be  deposited.  We  have  already  seen  how  the  matter  to  be  deposited  was 
ever  in  process  of  accumulation,  from  the  wear  of  the  substance  of  tke  primary 
rocks,  and  have  spoken  sufficiently  of  the  various  agencies  and  influences 
that  operated  to  cause  transport,  deposition,  and  condensation.  The  entire 
thickness  of  the  secondary  sliata,  which  comprise  the  Old  red  sandstone,  tibe 
Mountain  limestone,  and  the  Coal  measures,  was  small  as  compared  with  the 
thickness  of  the  preceding  rocks,  and  extended  over  much  less  space.  The 
reasons  are  obvious ;  the  one  sprang  from  the  causes  at  work  through  the 
whole  globe,  the  second  from  causes  that  concerned  chiefly  only  those  parts 
of  the  primary  rocks  that  were  gradually  exposed  to  atmospheric  and  other 
action.  But,  if  of  less  depth  and  extent,  they  are  of  far  greater  variety  and 
number,  in  tiie  alternations  of  the  lesser  strata,  and  are,  as  a  whole,  greatly 
superior  in  all  that  concerns  the  development  and  support  of  org:anized 
beings.  More  and  more,  too,  do  they  seem  to  approximate,  in  the  circum- 
stances of  their  formation,  tx)  the  existing  phenomena  of  external  nature. 

Namsy  8fc, — ^It  looks,  at  first,  as  though  nature  had  receded,  rather  than 
advanced,  in  the  earliest  of  the  secondary  strata,  the  Old  red  sandstone,  a 
rock  called  old  to  distinguish  it  from  another — the  New  red  8a3id^f:rcL<b^ 
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which  is  found  above  the  Goal  measures,  denominated  Red  on  aoeoont  of 
the  colour  it  exhibits  in  Devonshire,  where  it  is  most  abundant ;  and  henee 
the  other  name  for  the  system — ^the  Devonian.  In  this  there  is  a  decided 
decrease  in  the  number  of  organic  fossils,  and  what  little  vegetation  had 
straggled  into  existence  during  the  preceduig  systems  is  scarcely  any  longer 
to  be  found.  The  reasons  appear  to  be  that  volcanic  action  was  renewed 
witli  additional  violence,  which  not  only  rendered  the  atmosphere  and  raised 
lands  unfit  for  plants,  but  disengaged  vast  q^uantities  of  mineral  matter— 
the  peroxide  of  iron — which,  bein^  dissolved  in  the  seas,  rendered  them  less 
fit  generallv  for  the  support  of  animal  life.  It  is  this  iron  which  gives  the 
pe(mliar  colour  to  such  large  portions  of  the  sandstone  rocks. 

Geographical  Developments  of  the  Old  Red  Sandstone, — ^The  chief  develop- 
ments of  the  system  in  this  country  are  in  Devonshire  (where  it  overlies  tne 
Silurian,  and  iianks  the  transition  hills,  as  these  again  flank  the  primary 
ones),  in  Cornwall,  Wales,  Herefordshire,  Shropshire,  Worcestershire,  Sc(^ 
land.  In  Russia  it  extends  over  a  ^ace  as  hurge  as  G-reat  Britain.  Th& 
whole  of  the  northern  part  of  Scotland,  from  Cape  Wrath  to  the  north  flsmk 
of  tiie  Grampians  fwhich  are  granite  and  gneiss],  have  been  described  as 
consisting  of  a  nucleus  of  granite,  gneiss,  and  other  similarlv  formed  rocks, 
set,  as  it  were,  in  a  sandstone  frame.  The  flat  position  of  tne  strata  parthr 
causes  this  great  surface  extension :  the  earlier  rocks  are  highly  inclined. 
The  thickness  of  the  system  in  parts  extends  to  ten  thousand  feet. 

General  Characteristics, — The  sandstone  is  one  of  the  most  clearly  de- 
veloped of  all  geological  systems.  Where  it  exists  in  flat  strata  the  scenery 
is  uninteresting  to  the  eye  of  the  lover  of  the  picturesque,  though  the  farmer 
finds  there  a  soil  light  and  fertile ;  but  where  the  sandstone  rises  into 
mountains  there  is  a  marvellous  change.  The  hiUs  are  less  high  and  abrupt 
than  those  previously  formed,  but  are  more  lofty  and  varied  than  those  of 
later  date.  There  is  a  constant  change  of  view.  All  the  peculiarly  charm- 
ing incidents  of  a  natural  landscape — such  as  gentle  undulations,  deep  glens, 
and  woody  recesses — arise,  from  tune  to  time,  to  the  eye  of  the  traveller. 

Composition, — The  sandstone  varies  in  composition  from  a  fine-grained 
hard  rock,  that  can  be  split  into  pieces  for  flagstones  and  tilestones,  to  a 
thick  mixture  or  conglomerate  of  sand  and  pebbles,  many  of  the  latter  being 
as  large  as  a  man's  hand.  Some  calcareous  beds  are  found  in  the  system, 
consisting  of  an  impure  concretionary  limestone,  called  by  the  country  people 
comstone.  The  colours  include  various  shades,  from  red  to  grey,  andTfirom 
'  mottled  purple  and  fawn  to  a  creamy  yellow.  The  mottled  colour  is  chiefry 
observed  in  the  sandy  shales — a  sort  of  imperfect  sandstone — that  belong  to 
this  system,  and  which  are  found  alternating  in  thin  layers  with  the  sand- 
stone. The  whole  are  evidently  littoral  depositions — that  is,  they  were 
deposited  by  the  sea-shore.  Many  of  the  strata  present  to  our  eyes  as  plainly 
the  ripple  marks  made  by  the  waves  of  unimaginable  centuries  ago,  as  those 
which  the  wanderer  by  the  seaside  of  to-day  sees  on  the  sand  of  the  beach, 
and  which  are  yet  wet  from  the  waters  of  the  last  tide.  The  lower,  or  grey 
series,  in  which  the  traces  of  the  primary  mica  are  to  be  found,  is  the  sedi- 
ment of  calm  waters.  The  sandstone  and  conglomerates  owe  their  position 
and  strata  to  the  action  of  currents  and  aqueous  agitation.  The  yellow  beds 
were  only  deposited  when  once  more  all  was  quiet  in  their  vicinity. 

Vegetable  Life, — There  are  no  certain  evidences  of  land  plants  during  the 
Devonian  era.    Of  marine  ones  fuci  appear  to  have  been  tbe  chief.  ^Biese 


popuulS  esoLOGi.  223 

must  have  grown  in  a  higher  temperature  than  exists  where  they  are  now 
found — a  proof  of  the  more  general  diffusion  of  a  tropical  dimate  in  these 
remote  geological  periods.  On  this  head  we  shall  have  more  to  say  when  we 
speak  of  the  Coal  measures. 

Animal  Life, — ^Xo  one  even  supposes  there  were  any  land  animals  during 
the  Devonian  era ;  all  the  things  that  breathed  and  moved  had  their  home 
in  the  sea.  Their  general  forms  were  not  materially  altered  from  those  of 
the  preceding  Silurian  era,"  but  the  species  imderwent  a  material  change. 
Out  of  the  eight  hundred  species  comprised  in  the  one  era,  only  about  one 
hundred  passed  on  into  the  other.  But  to  counterbalance  this  there  was  a 
large  deyelopment  of  fishes,  and  a  general  advance  in  the  character  of  exist- 
ing organizations.  Among  the  species  that  were  thus  preserved,  the  coral 
bmlders  may  be  specially  named.  They  are  so  abimdant  in  Devonshire  as 
to  constitute  entire  strata — ^the  beds  of  marble  for  which  Babbacombe,  Tor- 
quay, and  Plymouth  are  famous.  New  species,  of  course,  appeared — a 
monster  trilobite,  for  instance,  the  Brontes,  which  was  four  feet  long,  and  had 
lobster-Hke  elaws.  The  Cephalopods  were -now  again  largely  represented, 
but  with  important  changes  in  form.  Fishes  must  have  been  plentiful  in  the 
Devonian  seas.  Upwards  of  a  himdred  species  have  already  been  reckoned. 
They  were  all  cartilaginous — a  striking  feature  of  distinction  from  existing 
fishes,  among  which  the  bony-skeletoned  are  numerous,  the  cartilaginous 
few.  These  fishes  were  the  destructives  of  their  time,  and  kfept  down  the 
too  luxuriant  population,  as  the  MoUusca  had  done  before  them.  Some  are 
supposed  to  have  been  full  thirty-six  feet  long.  No  less  than  nine  genera  of 
sharks  have  been  discovered  in  the  Russian  Devonians.  If  we  divide  the 
Devonian  fishes  into  the  two  orders,  one  of  placoids — that  is,  having  on  th^ 
external  covering  irregular  enamelled  plates,  laid  edge  to  edge — and  the 
other  of  ganoids,  which  possess  regular  enamelled  scales  overlapping  each 
other,  we  find  that  one  only  of  the  orders,  the  first,  had  existed  during  tho 
Silurian  era ;  hence  it  is  supposed  that  in  that  order  the  life  of  fishes  may 

have  commenced.  Our  engravings 
represent  some  of  the  more  remark- 
able creatures  foimd  in  the  Old  red 
sandstone.  The  annexed  (the  Ce- 
plialaspis  Li/elli),  is  from  a  specimen 
in  the  possession  of  Sir  Charles  Lycll, 
after  whom,  we  presume,  it  is  named, 
and  from  whose  JElements  we  copy 
^jin-^  \;d!s»v  *^^  design.  "Buckler-headed," 
^^  these  animals  are  called,  from  the 

The  CEPHALASpiRLYELLi.--a.  One  of  the  strange  shield  that  covers  the  head. 

S^^f  thSy        '*  ""*  T<^  ^^^^  ^*  ^*»  ^^^  ^^^^^^  suppose^  tho 

'  saddler's  or  cheesemonger's  cutting- 

knife  would  be  a  still  more  suitable  term.  Strong  as  this  creature  was  for 
resistance,  he  was  weak  indeed  for  active  movement — the  only  organs  suit- 
able for  that  purpose  being  a  range  of  very  small  fins. 

These  fishes  (the  Ptenchthys)  derive  their  name  from  their  wing-liko 
appendages,  which  they  are  supposed  to  have  erected  when  threatened  by 
an  enemy,  in  the  hope,  probably,  of  frightening  him  off  by  such  an  un-fish- 
like  apparition ;  or,  if  that  failed,  of  being  used  as  a  weapon  of  defence.  The 
tail  is  presumed  to  haTQ  been  the  organ  of  motion.     These  winged  fish  are 
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as  xmrneroiLs  in,  and  characteristic  of,  the  Old  red  sandstone,  as  were  the 
trilobites  of  the  Silurian  era.    But  trilobites  remained  and  flourished  in  the 


The  Pterichthys. — ^Upper  side,  showing  mouth.      The  Brontes  flabellifxs. 

Devonian  era  also.  We  give  an  engraving  of  one  ([the  Brontes  Jlahelltfer)y 
in  which,  it  is  to  be  observed,  the  head  is  not  qxdte  perfect.  Its  outline 
should  be  wider  and  rounded.  The  parts  missing  in  the  fossil  specimen  here 
represented  were,  perhaps,  softer  or  thinner,  and  so  decayed,  or  were  broken 

Igneous  Rocks  associated  with  the  Devonian, — The  same  ignisous  rocks  that 
we  have  mentioned  as  being  associated  with  the  aqueous  masses  of  the 
Silurian  system,  were  also  associated  with  the  Devonian,  with  certain 
additions,  such  as  amygdaloid,  a  trap  rock,  in  which  are  imbedded  almond- 
shaped  minerals — ^hence  the  name.  The  "toad-stones"  of  our  peasantry 
are  varieties  of  amygdaloid,  and  have  obtained  their  appellation  from  the 
marking  and  colours  resembling  those  of  a  toad's  skin.  Granite  is  no  longer 
foimd  in  intimate  connection  with  the  latest-formed  rocks — a  proof  that  the 
granite  era — ^that  is  to  say,  the  time  when  granite  was  being  constantly 
formed  below,  and  heaved  up  on  high — had  passed  away. 

Trap,  and  its  connection  with  the  system, — "Without  at  present  entering 
upon  the  subject  of  the  volcanic  rocks  to  which  trap  belongs,  it  is  necessary 
to  point  out  what  is  meant  by  the  term.  This  is  derived  from  the  Swedish 
trappa,  a  stair,  and  expresses  a  peculiarity  of  the  trap  rocks,  that  they  often 
rise  in  large  tabular  masses,  one  above  another,  like  stops.  "When  granite 
ceased  to  be  upheaved,  trap  appears  to  have  taken  ite  place.  And  so  we  find 
that  the  rocks  that  upheaved  the  Devonians  were  trappean,  or  volcanic.  The 
tremendous  power  that  could  thus  raise  immense  portions  of  the  earth's 
surface  appears  to  have  been  quiescent  during  the  time  of  the  deposition  of 
the  Old  red  sandstone,  and  then,  as  though  the  time  had  come  for  which  it 
waited,  to  have  burst  forth,  scattering  new  mountein  ranges  over  the  earth, 
against  the  sides  of  which  was  to  begin  once  more  the  work  of  material  pro- 
gress, in  the  deposition  of  yet  a  new  strata — the  mountain  limestone. 

Uses  of  the  Devonian  Uocks, — The  uses  of  the  Devonian  may  be  thus 
summed  up : — Tilestones  for  our  house-tops,  and  flagstones  for  our  foot- 
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pavements,  from  the  lower  strata ;  building  stones,  of  moderate  value,  from' 
the  red  and  yellow  strata;  stones  for  macadamiiin^,  from  the  trap;  and 
agates  and  other  precious  stones  from  the  amygdaloid  variety  of  the  latter. 
At  the  hi]l  of  Einnoul,  near  Perth,  there  is  a  rock  of  this  kmd  full  of  line 
specimens. 

The  Mountain  Limestone 

Consists,  in  great  part,  of  what  teas  once  life, — Perhap  there  is  no  fact  in 
geology  so  utterly  beyond  our  oower  to  realize  even  in  idea  the  truth  of,  as 
the  formation  of  the  mountain  limestone,  which  is  found  in  our  country  eight 
hundred  yards  deep,  almost  its  entire  substance  being  the  remains  of  animal 
life :  we  can  in  many  instances  trace  distinct  relies  of  shells,  corals,  and 
crinoidea  to  the  extent  of  three-fourths  of  the  mass.  Need  wo  say,  after 
this,  what  an  astonishing  development  of  life  must  have  characterized  Uie 
present  era,  and  left  such  evidences  of  itself  ? 

Position,  Geographical  Distribution,  ^'c, — The  mountain  limestone  is 
found  sometimes  in  beds,  divided  by  layers  of  ai^^Uaceous  matter,  or  of 
calcareous  sandstone  and  shale,  and  surmounted  often  by  the  millstone  grit 
of  the  north  of  England.  At  other  times  we  find  it  tlanlang  or  even  crown- 
ing the  trap  hills  in  masses  of  enormous  size,  when  it  has  been  likened  to 
a  ooral  reef  surrounding  the  island  which  formed  its  base.  Altliough 
generally  the  Coal  measures  are  above  the  mountain  limestone,  beds  of  coal, 
of  the  harder  and  less  bituminous  kind,  called  anthracite,  descend  as  it  were 
below  the  great  mass,  and  occasionally  alternate  with  the  various  strata 
composing  the  limestone.  On  the  other  nand,  the  limestone  seems  to  ascend 
beyond  its  own  proper  limits,  and  to  alternate  with  the  greater  coal  beds,  and 
with  sandstones,  shales,  and  ironstones.  The  words  "  mountain  limestone  " 
are  applied  directly  to  the  thick  masses  that  are  found  beneath  the  Coal 
measures. 

Caverns,  ^-c, — A  noticeable  peculiarity  of  this  limestone  is  its  tendency 
to  divide  into  rents,  or  "backs,"  as  they  are  called,  which  are  perpendicular 
to  the  line  of  stratification,  and  into  other  partings  which  are  parallel  with 
the  same  line.  Caverns  are  frequent ;  the  most  magnificent  caverns  and 
grottos  of  the  world  are  found  in  this  rock — ^thoso  of  Derbyshire,  for 
example. 

Decided  Development  of  Land  Plants. — At  last  land  plants  begin  to  bo 
yitdble  in  the  earth,  now  represented  by  the  moimtain  limestone  ;  lor  it  was 
unquestionably  a  terrestrial  vegetation  that  was  gradually  transformed  into 
the  thin  seams  of  coal  found  in  the  system.  This  fact,  the  great  characteristio 
of  the  carboniferous  group,  will  be  better  dealt  with  in  detail  when  we 
reaoh  the  Coal  measures. 

Its  Animal  Life, — The  animal  life  is  still  marine.  The  corals  are  now  of 
la^;e  size,  and  exhibit  a  very  marked  advance  upon  those  of  previous  eras. 
For  instance,  in  the  Silurian  rock  the  corals  were  chiefly  of  a  sessile  kind» 
that  is,  sitting  or  supported  in  some  way  or  other  on  or  above  the  groimd ; 
but  in  the  mountain  limestone  many  of  them  are  free  independent  animals^ 
able  to  rove  at  their  pleasure,  and  unlike  any  before  or  ^ince  existing. 

The  family  of  tiie  encrinites  or  crinoids — ^the  stone  lilies — ^is  very  remark- 
able. "  Wo  may  judge,"  says  Dr.  Buckland,  "  of  the  defiree  to  which  the 
mdiyiduals  of  these  species  multiplied  among  the  first  inhabitants  of  the  sea 
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from  the  countless  myriads  of  their  petrified  remains,  wliicli  fill  so  many 
limestone  beds  of  the  transition  formations,  and  compose  yast  strata  of 
entrochal  (expressive  of  the  trA^eZ-like  joints  of  the  stem  of  the  animals) 
marble,  extending  over  large  tracts  of  coimtry  in  Northern  Europe  and  Koira 
America.  The  substance  of  this  marble  is  orten  almost  as  entirely  made  up 
of  the,  petrified  bones  of  encrinites  as  a  corn-rick  is  of  straws.  Man  applies 
it  to  construct  his  palace  and  adorn  his  sepulchre ;  but  there  are  few  who 
know,  and  fewer  still  who  duly  appreciate  the  surprising  fact,  that  much  of 
this  marble  is  composed  of  the  skeletons  of  millions  of  organized  beings,  once 
endowed  with  life  and  susceptible  of  enjoyment,  which,  after  performing  the 
part  that  was  assigned  to  them  in  liying  nature,  haye  contributed  their 
remains  toward  the  composition  of  the  mountain  masses  of  the  earth."  Let 
us  present  a  portrait  of  one  of  the  members  of  this  noticeable  family :  we 
cannot,  perhaps,  select  a  more  interesting  example  Ihan  the  Apioerinttea 
rotundiM, 

It  is  here  shown  as  restored  from  the  mutilated 
fossils,  and  greatly  reduced  from  the  natural  size.  In 
Fig.  1  we  see  the  animal  with  its  fingers  open,  ready 
to  catch  any  of  the  smaller  fry  that  might  come  within 
their  grasp ;  whilst  in  Fig.  2  we  behold  them  shut, 
while,  possibly,  the  process  of  digestion  is  going  on  in 
the  remarkable  stomach  reyealed  in  Fig.  3.  The 
thickened  part  marked  a  shows  that  an  injury  to  the 
stem  has  been  repaired.  This  animal  was  fixed  at 
the  bottom  of  the  sea,  but  could  reach  a  considerable 
distance  around  it,  through  the  flexure  of  its  wonder- 
ful stem,  of  which  we  will  speak  presentiy.  Others 
were  able  to  float  singly  through  the  water ;  and  yet 
others  were  accustomed  to  attach  themselves  to  float- 
ing pieces  of  wood,  &c.  The  stem  is  composed  of 
joints,  often  called  wheelstones,  and  also  St.  Cuthbert's 
beads,  as  they  were  used  in  monkish  times,  upon 
strings,  as  beads  for  a  rosary.    Hence  the  lines — 

"On  a  rock  by  Lindisfam 
Saint  Cuthbert  sits,  and  toils  to  frame 
The  sea-borne  beads  that  bear  his  name." 

"Eaoli  of  these  joints  presents  a  similar  series  „£  AKocEmiTEs  botuoths. 
articulations,  varying  as  we  ascend  upwards  through  the  body  of  the 
animal,  every  joint  being  exactly  adjusted  to  give  the  requisite  amount 
of  flexibility  and  strength.  From  one  extremity  of  the  vertebral  column 
to  the  other,  and  throughout  the  hands  and  fingers,  the  surface  of  each 
bone  articulates  with  that  adjacent  to  it  with  the  most  perfect  regu- 
larity and  nicety  of  adjustment.  So  exact  and  methodical  is  this 
arrangement,  even  to  the  extremity  of  its  minutest  tentacula,  that  it  is 
just  as  improbable  that  the  metals  which  compose  the  wheels  of  a  chrono- 
meter should  for  themselves  have  calculated  and  arranged  the  form  of  the 
teeth  of  each  respective  wheel,  and  that  these  wheels  should  have  placed 
themselves  in  the  precise  position  fitted  to  attain  the  end  resulting  from 
the  combined  action  of  them  aU,  as  for  the  successive  hundreds  and 
thousands  of  littie  bones  that  comprise  an  encrinite  to  haye  arranged  them- 
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selves  in  a  ^sition  subordinate  to  the  end  produced  by  the  combined  effect 
of  their  united  mechanism,  each  acting  its  peculiar  part  in  harmonious 
subordination  to  the  rest,  and  all  conjointly  producing  a  result  which  no 
sii^le  series  of  them,  acting  separately,  could  possibly  have  effected."* 

The  shell-fish  of  the  mountain  limestone  are  also  exceedingly  numerous, 
and  present  many  curious  and  giganti6  forms ;  and  we  may  conclude,  from 
their  superior  development  as  regards  their  predecessors,  that  their  ocean 
home  had  already  experienced  a  more  genial  temperature.  It  is  farther 
clear  that  calcareous  matter  must  have  abounded  in  the  water,  to  supply 
the  material  of  which  so  large  a  part  of  their  bodies  consists. 


a  b 

BUOMPHALUs  PENTAGULATus.    a.  Extcrior  Ticw.    b.  Section  showing  chambers. 

In  this  animal,  which  abounded  in  the  sea  during  the  era  of  the  mountain 
limestone,  the  shell  internally  is  divided  into  chambers,  and  the  animal  is 
supposed  to  have  retreated  at  different  periods  of  its  growth  from  the  com- 
partment previously  formed,  and  then  to  have  cut  off  all  communication 
with  it. 

The  fishes  of  the  era  now  grow  to  a  gigantic  size,  and  in  some  cases  resemble 
reptiles  so  strongly  that  they  have  been  called  Sauroid  fishes — from  the 
reptile  class,  Saurians.  Teeth  have  been  found  belonging  to  them  four  iuches 
long — ^terrible  instruments  for  the  humbler  neighbours  which  were  destined  to 
pensh  beneath  their  operation.  We  know  the  nature  of  these  fishes'  food 
perfectly,  for  their  excrements— coprolites— have  become  fossilized ;  and  we 
see  mixed  up  with  the  latter  fish  scales  and  bones.  And  if  there  be  some- 
thing startling  in  this  kind  of  familiar  glimpse  of  the  life  of  such  distant 
eras,  the  feeling  is  iucreased  when  on  close  examination  we  can  even  perceive 
Hie  unmistakable  traces  of  the  actions  of  the  intestines,  in  the  convoluted 
£orm  of  the  coprolites. 

ITie  Uses  of  the  Mountain  Limestone  are  important.  Valuable  buildinff 
stone  is  obtamed  from  the  sandstone  beneath  the  mountain  limestone,  and 
from  the  millstone  grit.  The  mountain  limestone  itself  is  our  great  store- 
liouse  for  thaf  most  valuable  article — lime.  The  encrinal  beds  already 
spoken  of  famish  an  extremely  pretty  marble,  in  which,  as  in  a  picture, 
may  be  seen  the  various  members  of  individuals  of  that  interesting  and 
abundant  family.  The  ornamental  spars  of  Derbyshire  are  weU  known: 
they  belong  to  the  mountain  limestone.  This  rock  also  contains  the  prin- 
cipal lead  mines  of  our  country.  With  the  lead,  silver  and  gold  in  small 
quantities  are  not  unfrequently  associated. 

*  Dr.  Buckland's  Brid^ewater  SVeaiise, 
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CHAPTER  VII. 


SECONDABT  STRATA — THE  COAL  MEASTTRES. 

Meaning  of  the  Coal  Measures, — Under  tliis  name  we  recognize  that 
flfiiies  of  strata  composed  of  coals,  sandstones,  shales  (or  mud),  bands  of 
ironstone,  fire-day,  and  impure  limestone,  which  overlie  the  mountain 
limestone,  and  alternate  with  each  other  in  irregular  succession.  Coal  i& 
the  peculiarly  distinctive  and  interesting  feature  of  this  series.  At  first  it 
only  appears  in  thin  seams  at  the  bottom  of  the  coal  measures,  while  the 
shales  and  sandstones,  on  the  contrary,  oodur  in  thiek  beds.  But  as  we 
ascend,  the  coal  increases,  and  its  companion  minerak  decrease,  till  about 
the  centre  of  the  "measures  "  we  find  the  culminating  point  of  the  coal,  for 
there  it  is  at  once  foimd  in  the  largest,  masses,  and  of  the  best  quality. 
Above  the  middle  it  again  begins  to  decrease,  and  once  more  the  shales,  but 
of  lighter  colour  than  the  previous  ones,  and  the  sandstones  prevail,  until 
the  next  system  is  reached — tiiat  of  the  New  Red  Sandstone.  A  curioua 
sort  of  regularity  is  often  perceptible  in  the  midst  of  the  irregularities  of 
the  alternating  strata.  Ix)r  instance,  Professor  Sedgwick  tells  us  that  at 
Cross  Pits,  in  the  Valley  of  Dent,  Yorkshire,  the  coal  seam  under  the 
twelve-fathoms  limestone  is  divided  by  a  band  of  clay,  half  an  inch  thick^ 
into  two  parts,  with  distinct  mineral  characters ;  and  the  same  coal  seam, 
with  exactly  the  same  subdivisions,  has  been  found  in  the  mountains  on 
the  opposite  side  of  the  valley,  at  the.  distance  of  three  or  four  miles^ 
measured  in  a  straight  line.  This  seems  to  prove  that  a  bed,  not  mo!re 
than  a  fraction  of  an  inch  thick,  was  originally  continuous  throughout  an 
area  probably  several  miles  in  diameter. 

The  Ironstone  of  previous  formations,  it  will  be  remembered,  occurred  in 
veins,  or  merely  as  a  thin  colouring  matter  difiused  through  the  whole 
structure  of  the  bed  in  which  it  is  found ;  in  the  Coal  measures  we  find  it  in, 
the  form  of  an  argillaceous  carbonate,  massed  in  thin  layers,  from  an  inch 
or  so  up  to  a  foot  thick,  and  in  irregular  nodules,  called  septaria,  from  the- 
nodules  being  divided  into  septa,  or  partitions.  The  formation  of  the  nodules 
is  worthy  of  remark.  Each  consists  of  a  nucleus  of  the  remains  of  animals 
and  plants,  such  as  fish-spines,  coprolites,  teeth,  scales,  leaves,  &c.,  round 
which  the  ironstone  has  been  deposited,  till  the  whole  took  the  forms  here 
represented,  and  which  we  borrow  from  Mr.  David  Page's  excellent  Rudi- 
ments of  Geology, 


IRONSTONE  NODTJIiES. 

In  No.  1  we  see  imbedded  a  fragment  of  a  plant ;  in  2,  a  fish-tooth ;  in  3, 
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a  fossil  coprolite,  or  excrement;  and  in 4,  the  internal  divisions  spoken  of. 
These  are  formed  by  white  carbonate  of  lime,  which  produces  an  effec\ 
somewhat  resembling  that  of  a  beetle — hence  the  name  among  the  peasantry, 
the  beetle  stones. 

Varieties  of  Coal, — Coal  is  found  in  various  states,  and  by  comparing  the 
whole  of  these  together,  the  circumstances  of  its  formation  are  made  tolerably 
clear.    We  wiU  briefly  review  the  varieties. 

Idgnite,  or  brown  coal,  or  wood  coal  (for  it  is  known  by  all  these  names), 
represents  the  first  step  in  the  process  of  the  conversion  of  vegetable  into 
bituminous  matter.  There  can  be  no  doubt  as  to  the  origin  of  lignite,  for 
the  woody  structure  is  still  clearly  to  be  seen  in  it.  But  our  chemists  have 
not  been  content  with  this  evidence ;  they  have  made  elaborate  experimente,- 
which  show  that  if  wood  and  vegetable  matter  are  buried  in  the  earth,  ex- 
posed to  moisture,  and  excluded  from  the  external  air,  they  decompose 
slowly,  giving  forth  the  while  carbonic  acid  gas,  thus  losing  some  portions 
of  their  original  oxygen,  tmtil,  at  last,  the  residue  becomes  lignite.  It  is 
by  a  continuance  of  Qiis  process  of  decomposition,  and  the  accompanying 
mscharge  of  carburetted  hydrogen  (the  gas  which  we  burn  in  our  shops  and 
streets),  that  Nature  forms 

Common  Coal^  which  includes  caking  and  cubic  coal.  Caking  coal  is  so 
denominated  on  account  of  the  tendency  of  its  lumps  to  cake  together  during 
combustion — a  quality  doubtless  owing  to  its  highly  bituminous  nature.  It 
contains  forty  per  cent,  of  bitumen.  This  is  the  prevailing  sort  in  the  mines 
of  Durham  and  Northumberland.  Cubic  coal  is  not  so  full  of  bitumen,  and 
in  breaking  divides  into  cubical-shaped  masses. 

Cannel  Coal  is  the  most  striking  of  ail  the  strictly  coal  forms ;  and  well 
we  remember,  in  our  younger  days,  when  we  lived  in  Devonshire,  hoarding 
«maLL  pieces  of  it  for  the  sake  of  its  glossy,  lustrous  beauty.  It  makes  most 
bnlliant  fires.     Cannel  coal  contains  about  twenty  per  cent,  of  bitumen. 

Jet  is  even  more  compact  and  lustrous.  It  is  found  in  Saxony,  and  also 
in  detached  fragments  m  the  amber  mines  of  Pmssia. 

Anthracite. — Many  of  the  fatal  accidents  that  occur  in  mines  are  owing 
to  the  escape  of  various  inflammable  geises  from  mineral  coal.  These  gases 
include  carbonic  acid,  carburetted  hydrogen,  nitrogen,  and  olefant  gas. 
After  a  long  period  of  continual  discharge  of  this  kind,  the  common  coal 
otases  to  present  its  original  characteristics,  and  is,  in  fact,  transformed  into 
anthracite,  known  also  by  the  names  of  blind  coal,  from  its  burning  without 
flame ;  glance  coal,  from  its  shiny  surface ;  culm,  &c.  The  word  anthracite 
is  derived  from  the  Greek  anthrax,  charcoal,  which  expresses  the  dis- 
tinguishing quality  of  the  thing,  for  this  kind  of  coal  is  little  else  than  a 
mineral  charcoal.  In  composition  it  is  closely  allied  to  the  ordinary  black- 
lead  of  our  pencils.     It  is  almost  or  entirely  destitute  of  bitumen. 

JFbmuition  of  Coal, — While  it  is  clear  that  the  origin  of  coal  is  to  be 
found  in  the  decay  and  conversion  of  vegetable  matter,  it  is  a  much  more 
difficult  question  to  determine  the  particular  circumstances  that  contributed 
to  its  formation  in  the  plaees  where  we  now  find  it.  Did  the  plants  grow 
where  the  coal  formed  from  them  now  lies?  If  not,  how  could  such  vast 
masses  of  vegetable  matter  have  been  brought  together?  Why,  again,  do 
we  find  the  coal  formations  so  continually  interrupted  by  strata  of  shale  or 
sandfltones?  And  when  we  examine  the  nature  of  the  plants  of  ihe  coal 
fonnation,  as  evidenced  by  their  fossil  remains,  we  shall  find  re&^i^  \c^  ^^a^ 
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another  important  qnestion— What  kind  of  climate  could  have  exiafced  m 
England  wnen  such  plants  grew  here,  if  they  did  grow  hereP  The  two 
theories  that  seem  l>est  to  acconnt  for  the  yarious  phenomena  we  shall 
mention.  The  first  of  these  is  suggested  by  the  knowledge  of  what  is  con- 
stantly going  on  in  our  own  time  at  the  mouths  of  g^reat  riyers,  such  as  the 
Mississippi,  which  show  us  that  enormous  quantities  of  vegetable  refuse, 
drawn  away  from  the  shores  of  the  sylvan  regions  through  which  their 
waters  pass,  may  be  carried  down  to  estuaries ;  there  form  into  vast  natural 
rafts,  constantly  increasing  in  size  and  density,  until  they  sink  to  the  bot- 
tom, and  gradually  become  covered  with  a  bed  of  sand  or  mud — the  future 
sandstone  or  shale  of  some  future  coal  measure,  should  other  circumstances, 
similar  to  those  that  existed  in  former  times,  favour  their  conversion.  It  is 
very  likely  that  this  was  one  process  of  coal  formation,  if  not  the  only  one. 
Another  is  thus  described : — Decaying  vegetable  matter  forms  peat ;  a  sub- 
sidence of  the  earth  beneath  causes  the  peat  to  be  overrun  with  the  sea,  and 
to  be  covered  with  sand  or  mud.  Again,  the  land  rises,  new  forests  live  and 
die,  become  peat,  are  depressed  and  covered  with  a  similar  layer  of  sand  or 
mud ;  and  tnis  process,  continually  repeated,  gives  us,  at  last,  the  various 
alternating  strata  that  we  have  already  described.  This  theory  receives 
some  support  from  the  fact  that  marine  fossils  are  seldom  found  in  the  coal 
beds,  which,  if  formed  from  decaying  peat,  would,  of  course,  be  essentially  a 
terrestrial  stratum ;  while  they  are  abundant  in  the  sandstones  and  clays 
that  lie  above  and  below  the  coal,  showing  that  the  coal  stratum  is  preceded 
and  followed  by  strata  of  an  essentially  marine  character.  The  erect  stems 
of  trees,  which  are  found  with  their  roots  fixed  in  the  shale,  in  the  natural 
place  and  position  in  which  they  grew,  also  show  that  they,  at  least,  have 
not  been  transported  from  distant  places. 

A  luxuriant  Terrestrial  Vegetaticm  is,  therefore,  the  great  characteristic 
feature  of  the  era  of  the  Coal  measures ;  and  there  are  no  topics  in  geological 
science  of  deeper  interest  than  the  nature  of  this  vegetation,  and  of  tiie 
atmospheric  and  other  influences  that  caused  it  to  spring  up  in  sudi 
apparently  sudden  and  boundless  magnificence.  Already  the  examination 
of  the  known  fossils  has  resulted  in  our  acquaintance  with  about  eight 
himdred  species,  which  are,  or  appear  to  be,  chiefly  gigantic  developments 
of  equisetums  (or  horse-tails),  ferns,  club-mosses,  with  us  usually  the 
lowliest  of  the  vegetable  family,  but  rising  in  the  coal  era  to  the  most  pro- 
digious height,  even  to  eighty  feet ;  cacti,  pines,  and  plants  allied  to  the 
btdrush,  cane,  and  bamboo,  with  a  few  palms,  those  princes  of  the  vegetable 
kingdom,  and  tree-ferns.-  The  fossils  from  which  we  learn  these  facts 
mostly  appear  in  the  shape  of  broken  leaves  or  branches,  pieces  of  trees, 
trunks,  and  in  ripe  fruits,  which  are  not  in  their  original  clusters,  but 
individually  separate.  There  are  no  traces  of  flowers — none,  at  least,  that 
are  quite  to  be  depended  upon.  Occasionally  these  plant  fossils  appear  in 
extraordinary  proftision,  and  of  almost  inconceivable  loveliness.  Dr.  Bnck- 
land  has  described  a  scene  of  this  kind  in  words  worthy  of  it.  He  says : — 
"  The  finest  example  I  have  ever  witnessed  is  that  of  tbe  coal  mines  of 
Bohemia.  The  most  elaborate  imitations  of  living  tbliage  upon  the  painted 
ceilings  of  Italian  palaces  bear  no  comparison  wim  the  beauteous  profasion 
of  extinct  vegetable  forms  with  which  the  galleries  of  these  instructive  ooal 
mines  are  overhung.  The  roof  is  covered  as  with  a  canopy  of  gorgeous 
tapestry,  enriched  with  festoons  of  the  most  graceful  foliage,  flung  in  wild 
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aad  iiregiilar  profusion  oyer  every  portion  of  its  snrfSBuse.  The  efiect  is 
heighten^  by  the  contrast  of  the  ooal-black  colour  of  these  y^tables  with 
the  light  groundwork  of  the  rock  to  which  they  are  attached.  The  spectator 
feels  himself  transported,  as  if  by  enchantment,  into  the  forests  of  another 
world;  he  beholds  trees  of  forms  and  characters  now  unknown  upon  the 
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surface  of  the  earth,  presented  to  the  senses  almost  in  the  beauty  and 
vigour  of  their  primeval  life ;  their  scaly  stems  and  bending  branches,  with 
their  delicate  apparatus  of  foliage,  are  all  spread  forth  before  him,  little 
impaired  by  the  lapse  of  countless  ages,  and  bearing  faithful  records  of 
extinct'  systems  of  vegetation,  which  began  and  terminated  in  times  of 
which  these  relics  are  the  infallible  historians."  Ferns  are  by  far  the 
most  abundant  of  the  vegetable  forms  found  in  the  Coal  measures.  About 
one  himdred  and  thirty  species  have  already  been  obtained  from  the  coal, 
although  the  whole  of  the  existing  species  indigenous  to  Europe  amount 
only  to  about  fifty  in  number.  Our  engraving  above  represents  the 
Sphenopteris  artemisuefoliay  which  is  one  of  the  most  elegant  in  form. 

There  are  other  plants,  of  an  extraordinary  aspect,  found  in  great 
quantities  in  the  Coal  measures,  and  which  botanists  and  geologists  are 
alike  puzzled  to  give  the  right  place  to.  These  comprise  me  Calamitesy 
so.  called  from  the  reed-like  jointmgs  of  the  stom ;  the  Stigmaria,  deriving 
their  name  from  the  stigmata  or  punctures  that  are  found  in  its  surface ;  and 
the  SiffiUarittf  which  have  obtained  their  appellation  from  the  graven 
appearance  of  the  stalk.  Look  at  the  engraving  of  the  Calamtte%  diUntAa, 
and  we  need'  not  wonder  at  the  difficulty  experienced  in  determining  to 
what  tribe  such  a  strange-looking  thing  belongs.  The  intorior  of  the 
Calamitos  was  originally  hollow,  but  has  been  filled  up  with  the  petrifying 
matter  into  which  the  whole  has  been  converted.  Some  suppose  these  plante 
to  be  allied  to  the  horse-tails,  but  it  seems  almost  a  libel  on  the  graceful 
fonns  of  the  latter  to  put  forth  such  an  assertion.  Others  believe  these 
to  constitute  a  race  of  plants  now  altogether  extinct.  The  Stigmaria, 
of  which  we  present  as  a  representative  the  Stigmaria  Jicoides,  is  the 
most  oommon  of  all  plante  in  the  coal  formation.    Such  parts  as  thai 
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liere  sbown  were  supposed  ta  be  mere  portions  of  tiie  extremity  of  the  aims 
of  a  huge  dome-sbapcd  body,  whicn  divided  into  twelve  limbs,  each 
extending  horizontally  from  the  edge  of  the  dome.    For  a  long,  time  tins 


STIOMARIA  FICX)1DES. 


8IOILLAKIA  LiEVIGATA. 


vec^e table  wonder  baffled  aU  coiljccturos  as  to  its  particular  relationship  with 
other  plants,  but  at  last  it  was  discovered  to  be  the  root  of  the  plant  next 
mentioned — the  SigiUaria — of  which  we  likewise  present  a  fine  specimen 
above. 

A  large  portion  of  the  trees  of  the  era  belonged  to  this  tribe,  which  grew 
to  the  height  of  seventy  feet,  with  regular  cylindrical  stems,  and  wimout 
branches.  The  ornamental-looking  studs  show  the  places  where  the  leaves 
were  inserted.  To  the  colliers  of  Newcastle'  and  other  places  these  fossil 
stems  are  but  too  familiar,  imder  the  name  of  coal-pipes,  for  they  are  a  con- 
tinual source  of  accidents.  In  mining  they  are  often  left  in  a  vertical 
position  in  the  masses  of  coal  that  extend  overhead,  and  as  they  are  very 
heavy,  have  no  branches  to  support  them,  are  broader  at  the  base  than 
above,  and  are  merely  supported  by  the  cohesion  of  a  thin  layer  of  coal, 
which  has  replaced  the  bark,  and  is  connected  with  the  surrounding  mass  of 
coal,  no  sooner  does  this  coating  give  way,  than  the  column  drops  out  of 
its  bed,  sometimes  obliquely,  sometimes  perpendicularly,  and  kills  or  injures 
the  workmen  below. 

There  is  one  plant  also  very  common  in  the  Coal  measures,  which,  were 
it  only  for  its  gracefulness,  must  be  mentioned— the 
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It  was  probably  allied  to  the  8igillaria«  It  is  iband  in  tbe  NewasUe  Coal 
measures.  TV'e  need  only  to  add  to  the  fomroin|r  enumeration  the  pines, 
which  seem  to  be  allied  to  the  Arauearias,  that  have  of  late  Kn^n  so  much 
spoken  of  in  the  gardening  world,  as  amonir  the  most  magnilicont  of  existing 
oonifenie.  As  an  interesting:  evidence  of  the  resources  of  science,  we  mar 
mention  how  the  discovery  .was  made  of  the  nature  of  ihese  trees,  A 
gigantic  tree  trunk  was  found  at  Newcastle  ;  there  were  no  llowers  or  leaves : 
how  were  botanists  to  determine  what  tree  it  was  ?  Some  ingenious  naturalists 
soon  answered  this  query.  They  cut  off  ver}'  thin  cross  slices  of  the  stem, 
polished  them  to  the  highest  possible  degree,'  and  then  submitted  the  slices 
to  the  microscope,  when,  lo  I  there  were  at  once  visible  the  ixHniliar  ••  reti- 
culations*' which  distinguish  the  coue>bearing  trees,  and  the  particular 
tree  was  soon  decided  to  be  an  Araucaria.  • 

No  Grasses,  Herbs^  Skntbs,  J>t.,  m  the  Coal  Measmrt^s, — In  reviowinjj 
these  names  we  perceive  there  are  no  grasses,  no  herbs,  no  shrub?^  althou^ 
all  these  now  alwund  wherever  vegetation  flourishes.  How  is  this  ?  Are 
we  to  assume  that  they  were  aU  absent  from  the  Flora  of  a  time  that  was 
infinitely  more  rife  than  our  own  with  the  intluences  that  developo  vegetable 
life  ?  The  Coal  measures,  as  we  have  seen,  afford  about  eight  hundred 
species ;  but  our  present  vegetation  contains  at  least  eighty  thousand !  Do 
these  numbers  correctly  illustrate  the  comparative  meagri^ncss  of  the  ono 
period,  and  the  wealth  of  the  other,  as  regards  variety  of  life  1^  The  answer 
has  been  given  by  one  of  our  most  distinguished  botanists,  Dr.  Lindley,  who 
tried  the  following  experiment : — He  throw  one  hundred  and  sevonty-8e>-en 
plants  into  a  vessel  of  fresh  water.  Among  them  wert^  sjwoies  that  belong  to 
the  same  great  natural  orders  as  those  of  the  Coal  measures,  and  otners 
belonging  to  those  orders  most  commonly  diffused  over  the  earth  at  the 
present  day.  His  object  was  to  learn  whither  the  last  would  periv^h  sooner 
than  the  tirst,  and  so  afford  an  explanation  of  their  absence  fn>m  the  Coal 
strata.  In  two  years  one  hundred  and  twenty-one  species  had  disapueared, 
and/>f  the  lifty-six  that  remained,  the  most  perfect  specimons  were  those  of 
coniferous  plants,  palms,  club-mosses,  and  ferns  witli  tlioir  organs  of  fruoti- 
fioation  destroyed — ^in  short,  the  very  same  generic  kinds  of  ])hiuts  tliat  have 
been  so  long  preserved  in  the  Coal  measures ;  and  with  regard  to  the  foms, 
in.  precisely  tlie  same  state  of  partial  and  peculiar  injury. 

Had  England,  t§T.,  at  the  tune  a  Tropica f  Climate'/ — The  twpical  cha- 
racter of  much  of  this  vegetation  is  a  startling  phenomenon.  AVas  there  a 
tropical  climate  in  England  when  the  plants  flourished  that  now  form  its  coal 
beds  ?  Was  there  a  tropical  climate  in  Newfoundland,  which  is  nt)w  still 
colder  than  England?  or  in  Melville  Island,  whose  naked  liyporboroan  plains 
make  one  shiver  only  to  think  of?  AU  these  places  have  their  coal  bods^  and 
in  all  there  must  have  once  grown  a  rich  and  statelv  vegetation.  In  Melville 
Island  the  difficulty  is  enhanced  by  the  geographical  poouliaritios  of  the  sun's 
influence.  For  ninety-four  davs  this  luminary  is  never  above  tlio  horisson, 
and  for  j^et  another  hundred  and  four  days  he  never  sots.  Puzzh'd  bv  these 
difficulties,  some  have  even  asked  the  question — "  Has  the  earth  cfiangod 
ihe  position  of  its  axis  ?"  to  which,  we  tliink,  an  answer  may  bo  given  very 
decidedly  in  the  negative.  Dr.  Lindley' s  explanation  is,  tnat  wo  are  pro- 
bably deceived  in  the  apparent  analogy  that  exists  between  plants  now 
living,  and  that  grow  only  in  tropical  countries,  and  the  plants  of  the  Coal 
measures,  and  that  the  latter  were  not,  therefore,  after  all,  tro\jift«l\  ^ss^^ 
where  an  aniedogy  does  exist;  he  shows  tiiat  plants,  \)^\oti^\ti^  ^vi-v^sst^s^  *w^  ^ 
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tropical  olime,  may  yet  Iiave  members  of  the  family  capable  of  enduring 
our  severest  winters.  And  be  gives  various  instances  in  point.  But  aU 
this  while  it  seems  to  be  forgotten  that  the  ground  temperature  must  have 
been  very  high  all  over  the  world,  if  the  theory  already  developed,  with 
regard  to  the  earth's  gradually  coolmg  down  from  a  state  of  intense  heat,  be 
true.  And  if  such  a  ground  temperature  existed,  of  course  there  must  have 
been  a  climate  in  some  respects  analogous  to  the  hotter  ones  of  our  own  era — 
probably,  indeed,  much  more  fervid  than  any  one  we  now  have  experience 
of.  The  extreme  abundance  and  gigantic  size  of  the  coral  flora  have  been 
also  attributed  to  the  existence  in  the  air  of  an  extraordinary  quantity  of 
Tcarbonio  acid,  the  gas  from  which  is  derived  the  carbonaceous  substance  of 
all  plants.  M.  Adolphe  Brongniart,  the  author  of  this  speculation,  points, 
in  corroboration  of  its  truth,  to  the  fact  that  there  is  hardly  a  trace  of  the 
existence  of  anv  land  animals  at  the  time  this  magnificent  vegetation  was 
in  existence — tne  very  excess  of  carbonic  acid  that  nourished  the  one  poi- 
soning the  air  for  the  latter.  It  is  by  no  means  clear,  or  even  probable, 
that  3ie  proportions  of  the  atmospheric  elements  are  always  the  same.  Now, 
if  the  whole  of  the  coal  beds  in  Great  Britain  alone  were  again  to  be  recon- 
verted into  carbonic  acid,  the  effect  would  be  to  increase  the  proportion  of 
the  former  to  the  latter  from  a  thousandth  part,  as  at  present,  to  the  eight 
hundred  and  fiftieth  part.  We  may  add,  in  conclusion,  that  the  most 
eminent  botanists,  from  Jussieu  downward,  have  generally  considered  the 
coal  plants  to  indicate  the  existence  of  a  warm  climate  in  their  locality  at 
the  time  they  were  growing.  To  sum  up,  therefore :  the  high  ground  tem- 
perature, and  the  excessive  quantity  of  carbonic  acid  in  Sie  atmosphere, 
with  possibly  some  minor  but  still  important  differences  in  the  capacity  of 
the  latter,  then  and  now,  for  the  transmission  of  light  and  heat,  seem,  there- 
fore, to  furnish  the  true  explanation  of  our  finding  such  plants  as  tree-ferns 
in  the  coal  of  England,  of  Melville  Island,  and  of  Baffin  s  Bay — plants  that 
now  exist  only  in  the  very  deepest  recesses  of  the  primeval  forests  of  the 
torrid  zone,  breathing  a  damp  and  unchanging  atmosphere,  and  Uving 
alone — true  vegetable  hermits,  without  even  a  neighbour  or  a  parasite  to 
while  away  the  sultry  hours.  We  must  give  our  readers  the  pleasure  of 
looking  upon  one  of  these  extremely  picturesque  and  oriental-looking  plants 
in  a  better  state  than  any  fossil  will  admit.  The  following  engraving  repre- 
sents a 
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CHAPTER  VIII. 


SECONDAEY  STKATA — THE  COAX  MEASURES  COMPLETED. 


REPTILE  FOOTPRINTS. 


First  appearance  on  the  Globe  of  Laud  Animals, — With  some  such  feel- 
ing as  Robinson  Crusoe  gazed  upon  the  unknown  footsteps  in  the  sand  of 
his  desert  island  did  geological  observers  behold  the  mysterious  marks 
shown  in  the  above  engraving,  which  were  found  impressed  upon  certain 
pieoes  of  sandstone  in  some  of  the  Coal  measures  of  America  within  the  last 
few  years.  Up  to  the  time  of  these  discoveries  the  animal  life  of  the  era  . 
appeared  to  be  confined,  as  before,  to  the  limits  of  the  marine  world,  and 
that  life  on  a  greatly  reduced  scale,  as  regards  abundance.  Some  estuary 
shells,  some  also  belonging  to  the  depths  of  the  sea,  a  few  species  of  fishes, 
chiefly  Sauroids  (found  in  the  shales  of  the  system),  developed  in  certain 
cases  to  an  enormous  size^this  was  nearly  all.  As  to  the  zoophytes  and 
cnnoidea,  which  were  so  abundant  in  the  preceding  mountain  limestone, 
ihey  had  now  altogether  disappeared. 

Some  faint  traces,  it  is  true,  had  been  lighted  on  at  last,  of  the  appearance 
in  creation  of  air-breathing  animals.    Certain  fossil  beetles  were  found  Icl 
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the  coal-field  of  Coalbrook  Dale ;  "  a  scorpion-like  creature,"  a  moth,  and  a 
land-crab  were  also  presumed  to  be  discovered.  But  our  own  time  was  to 
furnish  ne'w  and  most  interesting  additions.  In  1844,  Dr.  King,  of  America, 
published  an  account  of  certain  marks  which  he  had  found  in  the  lower 
surface  of  slabs  of  sandstone,  which  slabs  rested  on  thin  layers  of  a  fine 
unctuous  clay.  With  equal  discrimination  and  courage,  he  soon  saw  and 
announced  to  the  world  that  they  were  the  footsteps  of  a  reptile  that  had 
walked  over  what  was  then  the  sands  of  some  sea-shore.  The  doctor  traced 
no  less  than  twenty-three  of  these  footsteps  in  the  same  quarry ;  and  he 
considered  that  they  were  all  left  by  one  animal.  Everywhere  the  marks 
showed  a  double  ix)w  of  tracks,  the  fall,  in  fact,  at  regular  intervals,  of  a 
pair  of  feet.  That  this  was  an  air-breathing,  land-waUdng  animal  is  con- 
sidered to  be  proved  by  the  depth  of  the  impressions;  under  water,  its 
weight  would  have  been  insuf^oient  to  have  left  such  tokens  of  its  presence. 
The  cracks  in  the  sandstone  also  show  that  the  ma- 
terial had  been  exposed  to  the  air  and  sun,  and  so 
had  dried  and  shrunk.  But  as  if  to  make  quite 
clear  and  certain  a  fact  so  interesting  in  geological 
science,  there  was  discovered  the  same  year  the 
skeleton  of  a  reptile  in  the  Coal  measures  of  Bhenish 
Bavaria.  This  animal  is  supposed  to  have  been 
related  to  the  salamanders.  In  1847  three  other 
skeletons  of  animals,  presumed  to  be  allied  to  the 
crocodiles  and  lizards,  were  dug  up  at  the  village  of 
Lebach,  between  Strasbur^  and  Treves.  The  largest 
of  these  must  have  been  three  and  a  half  feet  long  : 
its  teeth  seemed  to  have  been  of  an  advanced  cha- 
racter in  animal  development.  The  smallest  of  the 
three  is  here  represented  half  the  natural  size.  The 
ARCHEGosAUfius  MiNOB.  crcaturc  had  evidently  weak  limbs,  such  as  could 
serve  only  to  swim  and  creep.  Lastly,  in  1849,  the  footsteps  of  a  large 
reptile  were  discovered  in  the  lowest  beds  of  the  coal  formation  at  Pittsville, 
near  Philadelphia.  This,  then,  is  certainly  the  oldest  inhabitant  of  the 
reptile  class  yet  known  in  geological  history.  And  so  far  as  present  facts 
go,  we  may  presume  that  this  was  the  period  of  the  first  appearance  of 
air-breatliing  terrestrial  animals  on  the  globe. 

Coal-beds  do  not  entirely  cease  toith  the  era, — ^Although  coal-beds  are  not 
unkno^wn  in  connection  with  a  later  era,  such  facts  are  but  special  exoep- 
tions  to  the  general  rule,  which  confines  their  production  to  the  carbonife- 
rous period.  Over  the  greater  part  of  the  eartns  crust,  the  conditions  that 
were  so  favourable  for  the  production  of  a  luxuriant  vegetation  ceased  with 
the  termination  of  the  era ;  and  where  we  do  find  later  coal-beds,  we  may 
conclude  that  those  favourable  conditions  had  there  existed  proportionally 
longer. 

Proportions  of  actual  Coal  veins  to  the  Coal  Strata, — The  depths  of  Hie 
coal,  as  compared  with  thofee  of  the  other  strata  in  which  they  are  imbedded, 
are  very  small.  In  the  north  of  England,  for  example,  the  entire  series  of 
strdta  are  estimated  to  extend  to  about  three  thousand  feet,  while,  if  we 
reckon  all  together  the  respective  thickness  of  each  of  the  twenty  or  thirty 
coal  seams  they  inclose,  they  will  not  exceed  sixty  feet.  In  South  Wales 
the  Coal  measures  are  of  fer  greater  depth,  reaching  the  extraordinary  thick- 
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ness  of  twelve  tliousaJiid  feet,  the  result,  says  Sit  Charles  Lyell,  *^  of  fifty  ot 
even  a  hundred  ancient  forests  huried  one  above  another,  with  the  roots  of 
trees  still  in  their  original  position,  and  with  some  of  the  trunks  still  remain- 
ing erect."  We  have  more  than  once  spoken  of  the  awful  ideas  of  time 
which  geology  gives  us.  Will  any  of  our  readers  try  to  calculate  for  them- 
selves, however  roughly,  on  the  preceding  data,  now  long  it  must  have 
taken  to  form  the  South  Wales  Coal  measures — and  then  to  estimate,  if 
their  fortitude  will  extend  so  far,  the  duration  of  the  period  that  shall  in- 
clude the  whole  of  the  geological  systems  ?  Thejr  will  then  see  that  Geology 
is  to  time  what  Astronomy  is  to  space.  Both  indicate  the  unfathomable. 
Both  carry  man  to  the  extremest  verge  of  his  intellectual  powers,  and  enable 
him,  as  it  were,  to  look  over  trembling  into  the  fearful  abyss  beyond.  Both 
carry  him  at  last  in  profound  humility  to  God,  whose  help  we  require  to 
enable  us  to  stand  fast  amid  such  sublime  phenomena. 

Disturbances  at  the  close  of  the  period  of  the  Coal  Measures, — The  period 
of  the  Coal  measures  evidentiy,  then,  closed  in  some  abrupt  manner.  What 
were  the  causes  ?•  Doubtiess  volcanic  action.  Everywhere  through  the 
system  we  see  the  tokens  of  the  presence  of  mighty  disturbing  powers.  For 
instance,  the  normal  position  of  the  coal-beds  appears  to  be  that  of  hollow 
basins,  Mlowing  the  curve  of  the  bottoms  of  the  seas  in  which  their  mate- 
rials were  deposited.  Everywhere  these  basins  are  broken  up  into  pieces, 
some  of  irBion  have  been  cast  up  on  edpe,  while  others  have  been  greatiy 
dept^ased.  There  is  a  famous  sHp  of  this  kind  in  the  Kewoajsile  oocd-field, 
known  as  the  '*  Ninety-fathom  Hitch,"  where  one  part  of  the  same  original 
basin  lies  no  less  than  450  feet  lower  than  the  other  part.  Bat  sneh  hitches 
are  known  to  extend  to  a  thousand  or  twelve  hundred  feet.  We  shall  see 
tiiat  all  this  is  owing  to  volcanic  action  when  we  examine  what  are 

The  Igneous  Rocks  associated  with  the  Coal  Measures, — ^These  comprise 
greenstones  (popularly  known  also  as  whinstones),  clinkstones,  basalts,  and 
trap-tuffs.  All  these  belong  to  what  is  called,  geologically.  Trap.  The 
trap  rocks  of  this  era  are  distinguishable  from  those  of  other  eras  by  their 
darker  colours,  greater  proportion  of  bitumen  in  their  composition,  and  by 
the  prevalence  of  basalts  and  trap-tuffs,  containing  limestone,  sandstone, 
and  shale  in  fragments.  Their  positions  may  be  described  either  as  arising 
£nxDi  a  movement  originally  of  a  disruptive  elevating  character,  as  exhibited 
in  the  hills  of  the  Mountain  limestone,  and  the  rounded  heights  and  irregular 
cones  of  the  Coal  measures ;  or  as  overlying,  where  basalt  and  greenstone 
oeeiur,  looking  as  though  primarily  poured  forth  in  a  liquid  state ;  or  where 
tn^-tuffs  are  found  strewed  about  with  all  the  appearances  of  having  been 
Tomited  forth  by  volcanoes  in  the  form  of  ashes,  dust,  or  cinders ;  or,  lastiy, 
as  interstratified,  a  position  frequentiy  occupied  by  the  trap  rocks,  and 
which  implies  that  they  were  of  volcanic  origin,  and  had  been  gradually 
ooTored  by  sedimentary  deposits. 

The  Trap  Bocks  of  the  Coal  Measures. — Can  these  varying  kinds  of  rook 
liave  all  issued  from  the  same  volcanic  masses  of  heated  and  fluid  matter  1^ 
Experiment  gives  the  following  answer : — All  the  trap  rocks  may  be  fused 
into  one  homogeneous  mass,  and  then  made  to  assume  the  varying  forms  we 
liave  already  described  by  mere  differences  accompanying  the  process  of 
oiooling.  Let  us  illustrate  these  facts  by  the  formation  of  basalt^  the  most 
interesting  of  all  the  trap  rocks.  Put  a  number  of  round  peUets  of  plastic 
day  or  putty  into  a  yess^ ;  then  gently  press  upon  them,  and  they  will  takxt 
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the  shape  of  five  or  six-sided  colnmiis,  precisely  like  those  of  basalt  in  the 
wondeifal  natural  stniotures  of  Staffa  and  the  Giant's  Causeway.  The 
greatest  known  mass  of  basalt  is  that  of  the  Deccan,  in  the  East  Indies, 
where  it  constitutes  the  surface  of  the  earth  for  many  thousand  square 
miles.  The  traveller  there  often  sees  in  the  distance  rising  before  him 
masses  of  broken  columns,  which  induce  him  to  believe  he  is  approachii]^ 
some  important  human  structures,  ruinous  or  otherwise.  By  the  seaside 
such  deceptive  appearances  are  even  still  more  common,  especially  where  the 
columns  are  jointed,  so  as  to  seem  built  of  separate  stones.    The  dimensions 


giant's  causeway. 

of  these  columns  are  sometimes  most  extraordinary.  Some  have  been 
measured  at  Fairhead  (the  Giant^s  Causeway^,  which  were  found  to  be 
above  a  hundred  yards  high,  while  each  of  tne  sides  was  five  feet  broad. 
Was  not  the  idea  of  the  clustered  columns  or  piers  of  our  cathedrals 
originally  derived  from  this  source  ? 

jyiatrioution,  8fc.,  of  Coal. — Coal  is  largely  distributed  over  the  world. 
Independently  of  its  abundance  in  our  own  country,  it  is  found  in  France, 
Spain,  Germany,  Sweden,  Kussia,  Hindostan,  Australia,  New  Zealand, 
China,  the  Persian  GuK,  Melville  Island,  Nova  Scotia,  Cape  Breton,  the 
United  States,  Chili,  &c.,  &c.  While  thus  adding  to  the  wealth  of  many 
localities,  it  by  no  means  conduces  to  their  beauty ;  for 

The  Scenery  of  Coal  Districts  is  universally  tame,  level,  bleak,  and  un- 
fertile, as  though  Nature  had  been  aware  that,  in  extracting  the  treasures 
from  below,  we  should  only  have  deformed  and  abused  her  gifts  of  whatever 
might  have  been  most  beautiful  in  scenery  above,  by  the  many  useful,  but 
far  from  ornamental  contrivances  and  arrangements  for  the  exhumation  and 
transmission  of  coal  that  are  found  at  all  times  around  coal  mines. 

Tlie  Uses  of  Coal,  ^c,  need  scarcely  to  be  spoken  of,  they  dre  so  well 
known  and  appreciated.  Our  position  as  a  nation  speaks  trumpet-tongued 
as  to  what  we  owe  to  coal.    With  it  we  fuse  our  metals,  proauoe  steam. 
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light  our  streets  and  shops,  &c.,  with  gas,  warm  our  houses,  and  prepare 
our  food.  The  annual  consumption  in  these  islands  alone  amounts,  we 
believe,  to  about  thirty  millions  of  tons  annually ;  and  as  though  that  drain 
were  not  sufficient,  we  export  some  three  millions  more.  How  long  will  our 
coal  mines  stand  this  enormous  demand  P  They  are  far  from  inexhaustible. 
Many  persons  of  scientific  attainments  have  looked  at  this  matter  with  some 
interest,  not  to  say  anxiety.  The  conclusion'  they  come  to  is,  that  a  supply 
may  be  depended  upon,  possibly,  for  two  thousand  years — a  long  period  in 
the  history  of  human  civilization,  as  we  understand  it,  yet  but  a  mere  span, 
when  looked  at  from  the  geological  point  of  sight.  But  we  may  be  quite 
certain  that  science,  every  day  growing  more  fertile  of  practical  benefits  to 
man,  will,  long  before  the  expiration  of  that  time,  have  found  much 
superior  modes  of  obtaining  all  that  coal  can  give  us.  Even  now  we  hear 
almost  daily  of  new  discoveries  in  heating,  lighting,  and  motive  power,  that 
happily  promise  to  supersede  the  three  great  branches  of  usenilness  that 
make  coal  so  precious  to  us  at  present. 

We  may  add,  in  concluding  this  chapter,  that  among  the  many  felicities 
of  natiiral  arrangement,  perhaps  we  can  nowhere  find  one  more  striking 
than  tiiat  which  the  Coal  measures  present  of  the  abundance,  all  nearly 
togetiber,  of  the  three  articles,  coal,  lime,  and  ironstone,  which  are  so  indis- 
ptenoahle  to  the  production  of  the  metal  iron  in  a  form  fitted  for  the  fabrica- 
tioa  of  tools,  machines,  and  structures  of  all  kinds. 


CHAPTER  IX. 

SECONDAEY  STEATA  t   THE  NEW  BED  SANDSTONE  AND  THE  OOLITIC  SYSTEMS. 

deposition  of  the  New  Red  Sandstone, — Upon  and  around  the  ruins,  so  to 
vpeak,  of  the  carboniferous  system,  when  broken  up  by  violent  volcanic 
a^on,  were  gradually  deposited,  by  the  renewed  activities  of  nature,  the 
8&ata  known  under  the  above  designation.  These  include  Red  Sandstone, 
Variegated  Shales,  of  yellow,  purplish,  and  green  colours  (the  green  arising 
Irom  the  presence  of  oxide  of  copper),  and  Magnesian  limestones,  of  a  creamy 
oolour,  existing  in  thick  beds,  and  frequently  presenting  interesting  forms 
of  structure,  resembling  now  honeycombs,  now  bunches  of  grapes,  &c. 

2%e  Colour  of  the  Red  Sandstone  involves  some  interesting  points  of  study. 
The  grains  of  which  it  is  in  a  great  measure  composed  are  not  red,  but  con- 
sist of  white,  rolled,  quartz  sand,  surrounded  "like  varnish"  with  the  red 
peroxide  of  iron.  From  whence  could  the  immense  quantities  of  iron  be 
obtained  that  were  sufficient  to  colour  the  sedimentary  deposits  in  question 
to  the  depth,  perhaps,  of  a  thousand  yards,  and  over  large  portions  of  the 
world  ?  Some  writers  say  it  could  not  possibly  have  been  derived  from  the 
disintegration  of  the  older  rocks  (though  this  is  denied  by  Sir  C.  Lyell,  who 
says  the  hornblende  or  mica  contains  the  oxide  of  iron  in  sufficient  abun- 
dance), and  that,  therefore,  we  must  look  to  volcanic  action  as  the  true 
agency^  which,  to  this  day,  is  constantly  ejecting  the  mineral  referred  to. 
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Salt  forms  a  oharaoteristio  feature  of  thib  system  of  strata,  and  is  found  in 
yarious  forms,  as  rock-salt  and  salt-springs ;  the  latter  issuing  from  the 
shales,  which  are  often  thickly  impregnated  with  saline  matter,  or  formed 
hy  the  decomposition  of  the  buried  rock-salt  in  the  lines  of  currents  of  water. 
Sir  C.  Lyell  illustrates  his  views  as  to  the  formation  of  rock-salt  by  refer- 
rijM^  to  an  extensive  plain  in  India,  about  the  fourth  part  of  the  size  of 
IreLemd,  called  the  Runn  of  Cutch„  which  is  covered  during  a  part  of  the 
year  by  the  sea,  and  dry  during  the  remainder,  and  then  shows  an  incmsta-* 
tion  of  salt  to  the  depth  of  an  inch  or  two,  caused  by  the  evaporation  of  salt 
water.  Now,  supposing  this  plain  to  have  sunk  slowly  for  a  great  length  of 
time,  while  the  country  still  preserved  the  same  generally  horizontal  diree- 
tion,  there  would  be,  of  course,  a  constant  increase  of  salt  by  annual  deposits, 
until  even  such  depths  might  be  attained  as  we  find  in  the  beds  of  salt  of 
Northwich,  in  Cheshire,  where  there  are  two  beds  measuring  respectively 
ninety  and  a  hundred  feet  deep,  and  extending  horizontally,  it  is  supposed, 
for  a  great  distance.  Among  the  most  interesting  of  salt  mines  are  uiose  of 
Salzburg,  in  Austria,  in  the  heart  of  a  mountain,  and  which  have  been 
worked  from  time  immemorial.  The  rock-salt  is  found  there  of  different 
colours,  but  chiefly  blue,  grey,  and  yellow.  In  one  part  of  these  mines  the 
visitor  finds  himself  in  a  Mnd  of  chamber,  with  a  roof  about  seventeen  hnn- 
dred  and  eighty  feet  in  circximference,  perfectly  flat,  and  bearing,  without  any 
central  support,  the  entire  weiffht  of  me  mountain  above.  There  are  thirty 
or  forty  of  these  chambers,  though  not  of  the  same  gigantic  size.  The 
length  of  the  mine  exceeds  two  thousand  yards ;  the  depth  is  about  three 
hundred  and  fourteen. 

We  do  not,  naturally,  attach  any  ideas  of  a  beautiful  and  luxuriant 
vegetation  to  soils  saturated  with  salt,  yet  travellers  give  a  charming  pic- 
ture of  some  of  the  salt  lakes  of  Africa.  Here  is  an  example.  The  lake  in 
question  lies  in  the  midst  of  an  extensive,  plain,  is  of  an  oval  form,  about 
three  miles  round,  and  has  on  one  side  a  sloping  margin  of  green  turf ;  while 
the  other  presents  banks,  more  or  less  elevated  and  abrupt,  covered  with 
thickets  of  trees  and  succulent  plants.  At  times,  the  whole  of  the  margin 
of  the  lake,  and  much  of  its  surface,  are  covered  with  a  thick  rind  of  sSt, 
sprinkled  over  with  snow-white  crystals,  the  whole  presenting  the  appearance 
of  a  frozen  pond  covered  with  the  beautiful  hoar-frost.  This  wintry  aspect 
of  the  lake  is  strikingly  contrasted  with  the  luxuriant  vegetation  in  which  it 
is  embowered,  where  woods  of  fine  evergreens  and  elegant  acacias  are  richly 
intermingled  with  flowering  shrubs,  and  succulent  pmnts  of  lofty  size  and 
exotic  character — such  as  the  plant  of  which  the  elephant  is  so  fond,  the 
Portulacaria  afra^  the  tree  crassula,  the  scarlet  cotyledon,  many  species  of 
aloes — some  throwing  out  their  clusters  of  flowers  over  the  edge  of  the  lake, 
others  elevating  their  superb  tiaras  of  blood-red  blossoms  to  the  height  of 
twelve  or  fifteen  feet ;  and,  high  over  all,  gigantic  groves  of  Euphorbia, 
extending  their  leafless  arms  above  the  far- spread  forest  of  shrubbery.  The 
effect  of  the  whole,  flushed  with  a  rosy  tinge  by  the  setting  sun,  is  singularly 
striking  and  beautiful.  Such  lakes  are  supposed  to  be  derived  from  salt- 
springs. 

The  Organic  Remains  of  the  New  red  sandstone  system  are  singnlarlv 
f^w,  but  highly  interesting,  as  illustrating,  both  by  their  scarcity  and  their 
character,  the  nature  of  the  great  changes  that  took  place  in  the  sea  and  land 
when  it  was  formed.     The  first  thing  that  arrests  our  attention  is  the  fact 
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that  here,  as  in  the  Old  red  sandstone,  we  find  the  colonr,  arising  from  the 
presence  of  iron,  to  be  connected,  apparently  as  cause  and  effect,  with  a 
great  destruction  of  animal  and  vegetable  life,  and  which  only  slowly  revived 
afterwards,  as  the  conditions  of  soil  and  atmosphere  became  more  favourable. 
Thus  the  thousand  specific  forms  that  existed  in  the  carboniferous  era  were 
now  reduced  to  about  one  hundred  and  sixty-six.  Among  these  the  corals 
alone  dropped  from  about  a  hundred  to  fifteen ;  and  of  the  latter  only  three  or 
four  are  found  plentifully.  A  single  crinoidea,  rarely  found,  alone  represents 
that  previously  nourishing  family,  so  characteristic  of  i)revious  formations. 
The  trilobite  has  gone  altogether.  These  and  similar  facts  cause  the  earlier 
part  of  the  era  (designated  as  Permean  by  some  geologists)  to  be  looked  on 
as  the  close  of  the  Palaeozoic  period — that  is  to  say,  of  the  period  of  the  most 
ancient  forms  of  existence.  On  this  topic  we  must,  however,  observe  in 
passing,  that  there  is  nowhere  to  be  found  in  geology  a  period  exhibiting  a 
complete  change.  However  great  the  latter  may  be,  however  attenuated 
^e  now  of  life  may  become  in  passing  from  era  to  era,  it  never  absolutely 
eeases  in  order  to  allow  an  entirely  new  creation  to  appear.  This  is  so  true 
in  connection  with  the  period  under  notice,  that  it  would  seem  as  though 
especial  care  had  been  taken  to  impress  the  truth  upon  all  future  observers ;. 
for,  while  a  great  decrease  takes  place,  it  is  quite  remarkable  how  the  fossil 
plaiits,  shells,  fishes,  and  reptiles  partake  at  once  of  the  character  of  those 
that  preceded,  and  of  those  that  were  to  follow.  Calamites,  like  those  we 
have  described  as  belonging  to  the  Coal  measures,  are  found  side  by  side  with 
the  Cycadece,  of  which  we  shall  have  to  speak  in  connection  with  the  next 
system  of  strata— the  Oolitic.  Producteee,  like  those  of  the  Mountain  lime- 
jsftone,  are  discovered  in  the  Magnesian  limestone,  with  Terebratulae,  similar 
to  those  of  the  lias  and  oolites  of  the  said  Oolitic  formation.  And  while  old 
forms  are  dying  out,  new  ones  are  also  appearing.  If  the  fishes  of  the  genus 
Palseosaurus  now  are  found  for  the  last  time,  the  oviparous  quadrupeds, 
Protosaurus  and  Phytosaurus,  now  first  make  their  appearance. 

The  Footmarks  of  Animals  that  have,  so  far  as  we  know,  left  no  other 
record  of  their  presence  on  the  globe,  now  become  numerous,  and  proportion- 
ably  interesting.     They  are  found  in  different  countries,  and  as  representing 

very  difierent  classes.  Some 
were  found  in  the  quarrjr  of 
Corn-cockle  Muir,  Dumfries- 
shire, where  the  sandstone, 
which  was  formerly  sea-beach, 
lies  at  an  inclined  angle  of 
thirty-eight  degrees.  Up  and 
down  this  slope  the  footmarks 
are  traced,  as  though  they  be- 
longed to  an  animal  which  had 
daily  passed  to  and  fro  in  its  visits  to  the  sea.  Other  marks  were  observed 
in  the  Storton  quarries,  on  the  west  side  of  the  Mersey,  Cheshire,  imprinted 
on  fine  thin  beds  of  clay,  ranged  one  above  another,  separated  by  beds  of 
aandstone.  Each  of  these  thin  seams  of  clay  had  probably  been,  at  one 
time,  the  surface  of  the  ground;  then  submerged,  a  sand  deposit  left  on  it, 
again  raised,  and  a  new  clay  surface  formed,  and  so  on  repeatedly.  The 
animals  here  referred  to  have  been  determined,  after  a  long  and  rigorous 
investigation,  to  belong  to  the  Batrachians,  or  frog  family.      Oxv<ii  ^^"^aS^ 


LABYlllNTHODON    PAOHYGNOTHU8. 


242 


THE  HOME  TITTOB. 


living  natural  philosopher,  Professor  Owen,  has  shown  how  he  conceives  such 
footprints  to .  have  been  made,  by  a  restoration  of  the  kind  of  animal  that 
made  them. 

It  is  in  the  United  States  that  these  footmarks  have  been  found  in  the 
greatest  variety  and  number.  There,  in  the  rocky  banks  of  the  Connecticut, 
some  thirty-two  species  of  bipeds,  and  twelve  of  quadrupeds,  have  been  dis- 
covered. The  tracks  have  been  found  in  more  than  twenty  places,  extending 
over  eighty  miles  of  territory,  and  including  above  two  thousand  distinct 
impressions.  Many  of  these  are  the  footprints  of  birds,  belonging,  it  is 
supposed,  to  the  families  of  Waders  and  Scrapers,  The  size  of  some  of  the 
bird  footprints  greatly  exceeds  that  of  the  largest  living  ostrich,  and  certain 
naturalists  were  at  first  incredulous  as  to  their  having  been  really  made  by 
birds ;  but  recent  discoveries  of  gigantic  birds  in  New  Zealand  have  entirely 
removed  this  difficulty,  even  acknowledging  it  to  be  one. 

Rain-drops  of  Remote  Eras. — It  almost  sounds  like  an  incident  from  a 
fairy  tale  to  say  that  we  can,  by  the  means  of  geological  science,  raise  before 
the  mental  eye  facts  of  the  most  ordinary  daily  character,  in  connection  with 
periods  too  remote  for  us  even  to  calculate  in  years — ^yet  that  we  can  do  so 
IS  certain ;  for  instance,  we  can  not  only  see,  as  it  were,  the  very  rain  falling 
on  a  day  belonging  to  such  a  period,  but  tell  from  what  direction  it  came. 
On  certain  slabs  of  sandstone — ^the  Greensill,  near  Shrewsbury — ^the  hollows 
formed  by  rain-drops  are  clearly  to  be  recognized,  and  their  rims  being 
raised  on  one  side,  snows  that  they  had  fallen  from  a  slanting  shower,  as 
well  as  the  direction  of  the  slant. 

The  Shell  Litnestone,  or  Muschelkalk  Fossils, — The  strata  known  as  Mus- 
chelkalk  (shell  limestone),  which  is  missing  from  the  system  in  England,  but 
which  is  found  richly  developed  in  Germanjr,  is  especially  remarkable  for 
the  fossil  reptiles  discovered  in  it,  belonging  to  the  marine  saurians. 
Pretty  monsters  some  of  these  were !  There  was  the  Ichthyosaurus,  or 
Fish-Lizard,  some  thirty  feet  long,  with  the  form  of  a  fish,  and  some  of  the 
qualities  of  more  highly  organized  animals.  It  had  a  fish's  tail,  crocodile's 
head,  paddle-fins  like  the  whale,  a  skin  resembling  that  of  the  cetaceous 
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animals  (whale  family),  and  its  breast-bone  resembling  in  structure  that  of 
the  Australian  duck-rat.  Its  horrid  jaws  expanded  to  the  extent  of  seven 
feet  at  a  stretch ;  and,  while  such  provision  was  made  for  dealing  with  its 
prey,  the  eye  seemed  constructed  on  a  scale  of  equal  efficiency  for  showing 
where  the  prey  was  to  be  found,  for  it  had  a  socket  eighteen  inches  in 
diameter. 
The  Igneous  Rocks,  associated  with  the  New  red  sandstone,  are  chiefly  green- 
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stone,  found  in  the  form  of  dykes,  wMoh  have  been  driven  upward  through 
the  Old  red  sandstone,  Coal  measures,  and  Magnesian  limestone. 

Localities. — The  system  is  largely  developed  in  the  central  districts  of 
England ;  also  in  France,  Germany,  Poland,  the  flanks  of  the  Alps,  the 
United  States  of  America,  &c.  The  series  of  strata  is  found  peculiarly  rich 
in  Germany,  where  one  member  of  it — ^the  Muschelkalk — is  found  above  the 
Magnesian  limestone,  and  below  the  lias  of  the  Oolitic  formation ;  while,  as 
we  have  said  before,  it  is  altogether  absent  in  England:  At  Thuringia,  in 
Saxony,  the  Magnesian  limestone  is  found  so  highly  developed  as  to  be 
deemed  by  geologists  peculiarly  its  **  classic  ground." 

The  Scenery  of  the  New  Ited  Sandstone  is  not  particularly  attractive. 
Pleasant,  but  flat,  might  be  said  of  it.  The  rounded  terraces  and  eminences 
of  the  Magnesian  limestone,  with  their  thick  and  verdant  sward — the  level 
expanse  and  fertile  surface  soil  of  the  red  sandstone — and  the  wide  marshes 
formed  by  the  shale,  are  the  chief  elements  of  such  variety  as  the  landscapes 
of  this  system  afibrd. 

Uses, — Reduced  to  quicklime  the  Magnesian  limestone  becomes  valuable 
for  mortar  and  manure.  It  also  furnishes  the  magnesia  of  the  chemist's 
shop.  Its  more  dignified  use  is  that  to  which  the  finest  specimens  aie 
appropriated,  namely,  for  the  erection  of  such  piles  as  the  New  Houses  of 
Parliament;  the  Magnesian  stone  from  Bolsover  Moor  being  thus  used. 
Some  of  the  slaty  limestones  are  used  by  lithographers,  the  best  German 
stones  being  obtained  for  this  purpose.  The  marls  afford  us  their  usefiil 
contribution  in  the  shape  of  gypsum  for  manure. 

The  Oolitic  System, 

Deposition  of  the  Oolitic  System, — Again,  as  if  to  make  up  for  the  destruc- 
tive agencies  of  the  New  Red  Sandstone  system,  stupendous  restorative  ones 
were  at  work  in  the  period  that  followed ;  and,  in  consequence,  that  period, 
the  Oolitic,  is  characterized  by  an  abundance  and  high  development  of  life 
not  unworthy  of  comparison  with  the  luxuriance  of  being  already  noted  in 
the  carboniferous  era.  The  material  preparations  for  this  increase  may  be 
briefly  noted.  By  fresh  upheavings  and  submergings  of  the  earth's  crust, 
the  red  sandstones  gave  place  to  yellow  calcareous  grits ;  the  variegated 
and  salt-impregnated  marls  to  blue  clay,  mixed  with  iron  pyrites ;  the  mag- 
nesian rocks  to  oolitic  limestones,  whose  peculiar  texture  gives  name  to  the 
whole  system.  Sir  C.  Lyell  thus  describes  the  origin  of  this  system : — "  We 
must  conceive  a  sea  in  which  the  growth  of  coral  reefs  and  shelly  limestones, 
after  proceeding  without  interruption  for  ages,  was  liable  to  be  suddenly 
stopped  by  the  deposition  of  clayey  sediment.  Then  again,  the  argillaceous 
matter,  devoid  of  coral,  was  deposited  for  ages,  and  attained  a  thickness  of 
hundreds  of  feet,  until  another  period  arrived,  when  the  same  space  was 
again  occupied  by  calcareous  sand,  or  solid  rocks  of  shells  and  coral,  to  be 
again  succeeded  by  the  recurrence  of  another  period  of  argillaceous  de- 
position." 

Meaning  of  the  Term. — Oolite  is  derived  from  oow,  an  Qg^,  and  lithos^ 
stone,  in  reference  to  the  novel  structure  of  the  stone  in  question.  This 
consists  of  rounded  calcareous  particles,  varying  in  size  from  as  large  as 
marbles  to  as  small  as  millet  seed,  and  tiie  larger  of  which  contain  broken 
shells.     The  particles  are  probably  of  chemical  origin. 
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Division  of  the  System, — It  consists  of  three  groaps — ^the  LiaSy  the 
Oolite  proper,  and  the  Wealden  clajr. 

The  Lias,  a  corrnption  of  layer,  is  known  generally  by  the  dark  hnes  that 
prevail  among  its  st^ta,  and  which  comprise  dark  clayey  limestones,  whose 
Une  stratification  shows  it  to  hare  been  deposited  in  tianqnil  waters  ;  blnish 
clays,  the  predominant  member  of  the  group,  and  which  occur  interstratified 
with  layers  of  jet  and  other  coal,  ironstone,  and  limestones ;  and  lastly, 
shales,  occasionally  impregnated  with  salt,  sulphates  of  magnesia,  and  soda, 
whilst  many  abound  in  iron  pyrites  and  bituminous  matter.  Parts  of  the 
sea-cliffs  of  Yorkshire,  thus  composed,  are  said  to  ignite  spontaneously,  and 
to  burn  for  several  months  together. 

The  OoUte  Projaer  includes,  besides  oolitic  limestones,  calcareous  con- 
glomerates of  Sana,  lime,  and  shells ;  also  yellowish  sands  and  calcareous 
clays. 

The  Dirt  bed  occurs  above  the  oolite  proper,  and  is  found  in  Weymouth 
and  other  places.  This  is  a  thin  stratum  of  soil,  just  like  the  surface  soil  of 
o«r  own  time,  and  full  of  remains  of  tropical  trees. 

The  Wealden  Clay  oocors  highest  of  all  in  the  series.  It  derives  its  name 
ftom  the  Wealds  of  Kent  and  Sussex,  where  it  is  largely  developed.  The 
dry  land,  forming  the  dirt  bed  just  mentioned,  is  supposed  to  have  after- 
wards become  an  estuary,  including  the  whole  south-east  |nrovinoe  of 
England,  and  which  formed  the  mouth  of  some  river  belonging  to  the 
graodest  scale  of  river,  such,  ioft  instance,  as  the  MississippL  It  has  beoi 
surmised  that  this  particular  river  may  have  flowed  from  a  point  not  nearer 
than  the  site  of  Newfoundland,  with,  ot  course,  banks  extending  all  the  way. 
How  the  Wealden  clay  was  formed  in  this  estuary  Sir  H.  de  la  Beche  thus 
describes : — Much  calcareous  matter  was  first  deposited,  and  in  it  were 
entombed  myriads  of  shells,  apparently  analogous  to  those  of  the  Vivipara. 
Then  came  a  thick  envelope  of  sand,  sometimes  interstratified  with  mud ; 
and,  finally,  muddy  matter  prevailed.  The  solid  sxirface  beneath  the  waters 
would  appear  to  have  suffered  a  long-continued  and  gradual  depression, 
which  was  as  gradually  filled,  or  nearly  so,  with  transported  matter.  In  the 
end,  however,  after  a  depression  of  several  hundred  feet,  the  seas  again 
entered  upon  the  area,  not  suddenly  or  violently,  for  the  Wealden  rocks  pass 
gradually  into  the  superincumbent  cretaceous  series,  but  so  quietly  that  the 
mud  containing  the  remains  of  terresfcrial  and  fresh- water  creatures  was 
tranquilly  covered  by  sand,  replete  with  marine  exuvia). 

Contents  of  the  Wealden  Group, — It  includes  beds  of  dark  blue  clay,  with 
ironstones  in  nodules,  ar^aceous  limestone,  impure  ocdites,  and  sandstoi^ 
deeply  impregnated  with  iron ;  in  fact,  oxide  of  iron  is  diffused  through — 
and  to  a  certain  and  varying  extent  colours — ^the  whole  group. 

Animal  Life, — Among  the  many  fossils  found  in  the  Oolitic  systems  it  is 
difBcult  to  make  a  selection — ^they  are  so  numerous,  and  present  so  many 
features  of  high  zoological  and  geological  interest.  We  find  zoophytes  ap- 
proaching those  of  our  own  era ;  Crinoidea,  which  are  few  and  dwarf  compared 
with  their  predecessors ;  Star-fishes ;  Sea-urchins ;  Shell-fishes,  including 
Ammonites,  Belemnites,  Gryphsea,  Trigonia,  and  Ostrea ;  Annulosa  like  the 
conriTnon  earth-worm ;  Crustacea,  including  ^  king-crab,  which — appearing 
at  the  very  time  that  the  trilobite  (the  animal  it  most  neariy  resembles)  dis- 
appears—forms one  of  those  links  by  which  Nature  loves  to  bind  all  her  works 
together  in  an  unbroken  series;  Insects,  like  the  beetiie  and  dragon-fly, 


l>OPULAli  GEOLOGY.  *2^ii 

which  were  discovered  in  the  slaty  limestones  of  the  Oolite  proper  at  Siifcoaes- 
iield,  in  England ;  Fishes,  presenting  the  regular  enainelled  scale  that  marks 
the  Ganoid  order,  and  the  unequally  divided  tail,  a  feature  which  is  coniined 
to  a  few  of  our  existing  fishes,  but  was  imiversal  with  the  fish  of  the  mag- 
nesian  limestone  and  all  earlier  formations ;  Sauroid  reptiles,  like  eiistmg 
crocodiles,  tortoises,  and  turtles,  but  differing  widely  in  their  habits ;  Flying- 
Lizards  ;  and  lastly,  Mammalia,  now  first  appearing  on  the  surface  of  the 
globe,  in  the  shape  of  animals  allied  to  the  Opossum  family.  Of  all  these 
the  Sea-urchins  and  Shell-fish — as  Ammonites,  Belemnites,  Grvphasa,  &c. — 
the  Sauroid  reptiles,  the  Flying  Lizards,  and  the  Mammalia,  form  the  most 
characteristic  animals  of  the  era.  The  Belemnites  (allied  to  the  cuttle-fish) 
had  an  ink-bag  with  which  to  discolour  the  water,  and  so  conceal  it  from 
enemies.  Some  of  that  very  pigment  has  been  used  in  our  own  times  by  an 
artist  to  depict  the  fossil  Belemnite  itself !  As  to  the  Sauroid  reptiles,  the 
oolitic  eras  may  be  called  their  era — so  abundant  are  their  relics  in  tlie  lias 
and  superincumbent  strata.  The  flying  lizards  form,  perhaps,  the  most 
extraordinary  of  all  the  creatures  that  geology  makes  known  to  us.  They 
were  about  the  size  of  the  cormorant,  but  had  bat-Hke  wings  extended  upcn 
ihe  fore-finger,  with  which  to  fly.  The  ichthyosaurus,  already  spoken  of  in 
connection  with  the  German  shell  limestone,  now  also  occurs  m  the  lias  of 
this  country.  But  most  interesting  of  all  are  the  Mammalia,  the  first  of  the 
series  of  which  Man  was  to  be  the  last.  Our  earliest  glimpse  of  the  animals 
in  question  occurs  in  the  Stonesfield  slate,  where,  several  specimens  of  jaw- 
bones have  been  found,  and  which  have  been  compelled  to  give  up  the  secrets 
of  their  past  life  in  answer  to  tlie  potent  spells  of  modem  science.  They  are 
now  believed  to  be  the  remains  of  marsupialia,  to  which  belong  the  kangaroo, 
and  other  animals  that  now  characterize  the  Australian  zoology.  It  is  a 
remarkable  circumstance  that  this  animal  is  not  the  only  thing  that  suggests 
a  connection  between  England  as  it  was,  and  Australia  as  it  is.  In  and 
around  the  latter  are  stiU  found  various  animals  and  plants  that  are  closely 
allied  to  many  of  both  that  were  rife  in  the  oolitic  and  other  early  pieriods. 
Among  animals,  for  instance,  Cestracion,  Trigonia,  Terebratulae ;  among 
plants,  the  Zamia,  Tree-fern,  Araucarias,  and  Cycadeous  plants.  The  latter 
form  the  most  characteristic  feature  of  the  vegetation  of  the  oolitic  period ; 
their  stems,  fruit,  and  leaves  are  found  in  great  abundance  in  the  fresh- 
water Wealden,  intemvingled  with  stumps  and  prostrate  trunks  of  trees. 
They  form  a  tribe  intermediate  as  it  were  between  palms  and  conifera,  having 
a  tail,  straight  trunk,  and  a  crown  of  magnificent  foliage. 

The  Igneous  Rocks  associated  with  the  Oolitic  system  represent, 
apparently,  the  last  efforts  of  the  trappean  era.  ThQ  volcanic  forces  now 
suffice  to  send  up  occasional  outbursts  of  trap-tnff  or  intersecting  dykes  of 
greenstone,  and  that  is  aU. 

localities  and  Scenery. — The  Oolitic  system  is  very  fully  developed  in 
England — especially  in  the  eastern  sea-coast  from  Yorkshire  to  Dorset — in 
France,  Westphalia,  Northern  India,  Africa,  &c.  The  contour  of  such 
countries  is  that  of  gentle  undulation,  formed  by  rounded  limestone  heights 
and  inteivening  valleys  of  clay. 

Uses, — From  the  lias  limestone,  deeply  impregnated  with  iron,  there  is 
formed,  after  burning,  a  lime  that  sets  under  water.  Lithographers'  stones 
are  also  obtained  from  the  lias.  Alum  is  formed  by  burning  the  lias  clay 
that  contains  iron  pyrites ;  these  give  forth  sulphur,  which,  with  ox:^^g«fc.  ^ 
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from  the  air,  and  alumina  from  the  shales,  form  alum.  In  the  upper  beds 
of  oolite,  fuller's  earth  is  found  in  beds  of  great  depth.  Some  Oolitic  sand- 
stones, such  as  those  of  Bath  and  Portland,  make  excellent  building-stone ; 
and  others,  ornamental  marbles.  Lastly,  the  common  paving-stones  of  Lon- 
don streets  are  drawn  from  the  Purbeck  quarries  of  the  Wealden  clay. 

Revival  of  the  Oolitic  Period, — We  cannot  better  conclude  our  present 
chapter  than  with  a  passage  of  rare  eloquence  devoted  to  the  period  we  have 
just  reviewed,  "  The  imagination,"  says  the  author  of  the  Vestiges  of 
Oreafiorif  "eagerly  aspires  to  picture  the  world  of  the  Oolitic  era,  when  there 
were  scarcely  any  living  creatures  of  more  exalted  character  than  reptiles. 
There  were  then  vast  tracts  of  dry  land,  as  now ;  their  surface  bore  a  luxu- 
riant vegetation  of  no  mean  kind.  The  meteoric  agencies,  the  rise  and  fall 
of  tides,  were  common  phenomena  of  that  time,  as  of  the  present.  Day 
after  day,  through  long-drawn  ages,  the  sun  passed  on  his  course.  Night 
after  night  the  sparkling  garniture  of  the  sky  looked  down  on  this  green 
world.  But  a  being  of  superhuman  intelligence,  coming  to  examine  our 
globe,  would  have  seen  all  this  existing  only  for  fishes,  and  still  humbler 
creatures  in  the  sea ;  and  for  reptiles,  insects,  and  perhaps  a  few  birds,  and 
still  fewer  opossums,  upon  land.  He  would  have  beheld  the  tyrant  sauriai 
pursuing  their  carnivorous  instincts  upon  the  wave,  upon  the  shore,  and  even 
m  the  air ;  huge  turtles  creeping  along  the  muddy  coasts  ;  still  more  huge 
megalosaurus,  traversing  the  plain  ;  and  with  all  this,  the  air  filled  with 
mmtitudes  of  insects.  But  no  flocks  would  have  met  his  eye  upon  the 
mountains,  no  herds  quietly  roaming  in  the  valleys.  He  would  encounter 
no  tiger  or  elephant  in  the  jungle,  l^one  of  the  smaller  mammalian  quadru- 
peds— as  the  dog,  the  genet,  the  hedgehog,  the  hare,  the  mole — would  have 
presented  themselves.  And  not  only  were  no  human  beings  to  be  seen,  but 
our  supernatural  visitant  would  know  that  this  scene  must  lie  spread  out,  in 
perfect  capability  for  their  reception,  during  whole  millenniums,  before  such 
beings  were  to  exist ;  the  stream  flo^ving  and  glittering  in  the  sun,  but  not 
to  cheer  the  eye  of  man ;  the  season  pa,ssing,  but  not  to  yield  its  fruit  to 
him ;  the  whole  jocund  earth  spread  out  in  unenjoyed  beauty,  as  yet 
unwitting  of  the  glory  and  gloom  which  human  impulses  were  to  bring  upon 
it.  How  strange  to  reflect  on  the  contemplations  of  the  supposed  visitant ! 
What  a  vast  void !  What  a  stretch  of  time  before  there  was  to  be  even  a 
commencement  to  its  proper  filling !  And  yet  the  certainty  that  in  good 
time,  in  the  ripeness  of  the  plans  of  the  mighty  Author,  the  higher  animals 
were  to  come,  and  among  the  last,  the  creature  of  creatures — who,  in  his 
infinity  of  device,  was  to  turn  it  all  to  his  use — ^the  historical  being  of  the 
world!" 


CHAPTER  X. 

SECONDARY  STJRATA — THE  CBETACEOTIS,   OR  CHALK  SYSTEM — TERTIAKY     '! 

STRATA, 

Deposition, — We  have  now  arrived  at  the  last  (or  uppermost)  strata  of 
tiie  secondary  formation.    Li  Europe  these  were  deposited  in  the  same  i 
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or  oceanic — ^basins  as  their  predecessors,  thougli  in  America  it  was  not  so. 
Generally  we  find  the  Chalk  strata  overlying  the  Wealden,  or,  where  that 
is  wanting,  the  Oolitic. 

The  name  Cretaceous  is  derived  from  the  Latin,  creta^  chalk,  and  was 
applied  to  the  strata  in  question  in  consequence  of  the  chalk  being  the 
highest  member  in  those  parts  of  Europe  where  the  system  was  first  studied. 

Structural  Changes  in  the  Sandstones^  8fc, — The  chief  changes  that  now 
took  place  in  the  material  of  the  earth's  crust  were  the  conversion  of  the 
sandstones  into  loose  sand— known  as  the  green  sand — of  the  clayey  beds 
into  a  marly  clay,  called  gait — and  of  the  limestone  into  chalk.  These  three, 
therefore — green  sand,  gait,  and  chalk — form  the  main  bulk  of  the  Creta- 
ceous system. 

The  Green  Sand,  or  Shankland,  as  it  is  sometimes  called,  consists  of  a 
triple  alternation  of  sand,  clay,  and  sand.  The  distinctive  colour  is  owing 
to  the  presence  of  silicate  of  iron.  Sometimes,  however,  a  yellowish  tint 
prevails.  Ochre,  fuller's  earth,  and  cherty*  beds  are  occasionally  found  in 
the  green  sand.  This  series  is  altogether  absent  &om  the  chalk  group  of  the 
nordi  of  England. 

Gait  forms  a  stiff,  blue,  and  very  dark-coloured  clay,  abounding  in  shells, 
which  are  often  remarkable  for  their  pearly  lustre.  The  American  Chalk 
system  has  no  gait.  The  beds  of  gait  are  not  very  thick.  They  occur  with 
alternations  of  green  sand,  and  contain  balls  of  clayey  ironstone  and  iron 
pyrites.  The  reddish  colour  often  found  in  gait  is  owing  to  the  presence 
of  iron. 

Chalk,  the  predominant,  is  also  the  most  interesting  feature  of  the  group. 
It  consists  of  carbonate  of  Hme — generally  of  a  pure  white,  but  sometimes  of 
a  red  or  dusky  grey  colour.  It  is  often  found  in  a  hardened  state,  and 
crystallized  almost  uke  marble.  These  qualities  are  attributed  to  the  action 
of  the  igneous  subterranean  agencies.  This  theory  has,  to  a  certain  extent, 
been  proved  by  experiment.  When  pounded  chalk  is  inclosed  in  an  iron 
tube,  and  subjected  to  great  heat,  it  becomes  similarly  hard  and  crystalline. 
This,  like  the  green  sand,  is  often  subdivided  into  upper  and  lower  beds. 
The  upper  chalk  beds  are  of  a  compact  texture,  a  dusky  white  hue,  mixed 
with  green  grains,  and  containing  but  few  iiints.  Th^  lower  ones  are  much 
softer,  more  calcareous,  and  contain  nodules  of  chert,  and  regular  layers  of 
flint — the  latter  giving  almost  the  only  indications  afforded  by  the  chalk 
beds  of  regular  s&atification.  The  formation  of  flint  and  of  chalk  is  among 
the  more  interesting  problems  of  geology. 

Flint, — The  upper  chalk  beds  form  the  true  native  place  of  this  mineral, 
where  it  occurs  m  regular  layers,  consisting  either  of  nodules  or  flat  tabular 
niasses,  extending  to  a  great  distance  in  certain  parts,  as  in  the  chalk  cliffs 
east  of  Dover,  where  a  flint  bed,  two  miles  long,  is  found.  The  nodular 
masses  vary  in  size  from  an  inch  or  so  up  to  a  yard.  Flint  consists  essentially 
of  a  mass  of  grey  or  black  silex,  coated  over  with  a  white  cherty  crust,  and 
containing,  not  unfrequently,  cavities  lined  with  calcedony  or  crystallized 
quartz.  Who  would  suspect  that  a  mineral  bearing  these  characteristics 
IS,  after  all,  little  less  than  a  mass  of  extinct  life  ?  Yet  this  is,  in  all  pro- 
bability, the  case.      Most  flints  inclose  remains  of  sponges,  echinites,  &c. 

*  Chert  is  a  mineral  nearly  allied  to  flint  and  calcedony,  but  less  homogeneous  and 
simple  in  texture. 
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These  organisms  were  the  nuclei  round  which  the  particles  of  silex  accumu- 
lated. But  whence  these  particles  in  a  substance — chalk — so  diJflGBrent? 
The  great  animalculoD  observer,  Ehrenberg,  suggests  that  it  is  the  remains 
of  the  ilinty  coverings  of  microscopic  creatures,  whose  shells  he  has,  in  other 
cases,  discovered  in  their  original  condition.  This  is  the  more  probable 
-  from  the  facts  discoverable  in  the  study  of  the  formation  of  the 

Clialk, — ^It  had  often  been  suspected  that  chalk  might  be  of  animal  origin, 
notwithstanding  the  fact  that  no  traces  of  animal  remains  could  be  dis- 
covered in  certain  chalk  masses ;  for,  in  the  first  place,  it  consisted  of  pure 
carbonate  of  lime,  such  as  would  remain  £rom  the  decay  of  corals,  &c. ;  and 
secondly,  such  fossils,  when  half  decomposed,  seemed  to  be  also  half  changed 
into  chalk,  or  a  something  greatly  resembling  it.  But  certain  discoveries 
have  made  this  speculation  all  but  a  certainty.  A  traveller,  Lieutenant 
Nelson,  has  shown  that  there  are  several  lagunes  of  the  Bermuda  islands 
which  are  surrounded  by  coral  reefs,  and  which  have,  at  their  bottom,  a  soft, 
white,  calcareous  mud,  evidently  formed  of  the  decay  of  various  tribes  of 
corals.  When  dry,  this  mud  is  scarcely,  if  at  all,  to  be  distinguished  from 
chalk.  Mr.  C.  Darwin  has  observed  simflar  facts  in  the  Pacific  coral  islands. 
He  believes  that  much  of  this  white  mud  has  passed  through  the  bodies  of 
worms,  which  have  everjrwhcre bored  through  the  coral  rocks.  Other  portions, 
he  thinks,  ha,ve  passed  similarly  through  the  bodies  of  fish,  which  may  often 
be  seen  browsing,  in  great  numbers,  on  the  living  corals— just  like  so  many 
quadrupeds  in  a  field  on  the  growing  grass.  Their  intestines  have  been 
found  filled  with  impure  chalk ;  •  and  thus  we  get  an  explanation  of  the 
bodies  formerly  known  as  the  cones  of  the  larch,  but  which  were  subsequently 
found  to  be  the  excrement  of  fish.  Ehrenberg,  however,  goes  much  further. 
He  states  that  chalk  is  composed  partly  of  inorganic  particles,  and  partly  of 
shells  of  such  inconceivable  minuteness  that  a  cubic  inch  of  chalk  would 
contain  above  ten  millions  of  them!  The  chalk  of  the  north  of  Europe  con- 
tains much  more  inorganic  matter  than  that  of  the  south — ^the  latter  beinff 
often  composed  almost  entirely  of  what  was  once  alive !  He  has  succeedco. 
in  discovering  the  character  of  many  of  these  minute  creatures;  some 
belong  to  the  nautilus  family.  The  same  observer  has  found  microscopic 
sea-plants  in  the  chalk. 

The  Organic  Bemains  generally  show  that  they  were  deposited  at  the 
bottom  of  seas  or  oceans,  for  no  recent  formation  is  so  destitute  of  terres* 
trial  organisms.  Fragments  of  ferns,  cones  of  coniferous  trees,  cycadeae, 
strips  of  lignite  (wood-coal) — such  as  is  found  in  the  lower  chalk  near 
Rochelle,  in  France — are  the  more  noticeable  of  the  vegetable  terrestrial 
remains  of  the  period.  Many  pieces  of  wood  have  also  been  discovered, 
both  in  Europe  and  in  America,  drilled  full  of  holes  by  the  Teredo,  thus 
showing  that  they  had  long  drifted  about  in  the  ocean,  and  that  the  con- 
ditions of  Hfe  were,  to  a  certain  extent,  somewhat  similar  over  great  portions 
of  the  globe. 

In  other  respects  the  fossils  of  the  Chalk  system  are  very  rich.  As  Sir 
H.  de  la  Beche  observes,  *'  Organic  remains  are,  in  general,  beautifully  pre- 
served in  the  chalk  ;  substances  of  no  greater  solidity  than  common  sponges 
retain  their  forms;  delicate  shells  remain  unbroken;  fish  even  are  fte- 
5[uently  not  flattened ;  and  altogether  we  have  appearances  which  justify  us 
in  concluding  that  since  these  organic  exuviae  were  entombed,  tnev  have 
been  protected  from  the  efiects  of  pressure  by  the  consolidation  of  tlie  rock 
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around  them,  and  tliat  they  liave  been  very  tranquilly  enveloped  in  exceed- 
ingly fine  matter,  sucli  as  we  should  consider  would  result  from  a  chemical 
precipitate." 

As  all  the  ordinary  and  more  noticeable  orders — though  of  very  different 
genera — of  the  sea  inhabitants  existing  up  to  the  Cretaceous  era,  have  been 
found  in  the  chalk  formation,  with  the  exception  of  the  whale  family,  we 
need  not  recapitulate  them,  but  content  ourselves  with  a  word  or  two  upon 
the  more  special  features  of  the  zoology  of  the  latter : — First,  as  to  the 
fishes,  which  had  existed  up  to  this  period  in  two  orders  only,  the  Granoids 
and  Placoids.  JSfow  these  orders  decline,  and  fishes  of  a  higher  organization 
appear,  resembling  those  which  exist  in  our  own  time —that  is  to  say,  bony 
in  structure,  with  corneous  scales.  The  reptHes  contribute  the  most  interest- 
ing additions  to  the  growing  zoological  wealth.  Among  these  occur  the 
MosasauruS;  which  was  first  made  known  to  us  by  the  discovery  of  a  perfect 
head,  near  Maestricht,  and  hence  the  name  given  to  the  creature  of  **  The 
Great  Animal  of  Maestricht."  This  was  thought,  at  first,  to  be  a  crocodile, 
then  a  whale ;  but  Cuvier  has  proved  that  it  was  a  great  marine  reptile, 
nearly  allied  to  the  Monitors.  We  may  here  mention  one  of  the  facts  that  • 
belong  to  the  glories  of  science,  and  which  contribute  wonderfully  to  its  sup- 
port by  showing  us  how  much  faith  can  safely  be  reposed  in  its  statements. 
Cuvier  asserts  of  this  animal  that  before  he  had  seen  a  single  vertebra  (joint 
of  the  back-bone),  or  a  bone  of  any  of  its  extremities,  he  was  enabled  to 
announce  the  character  of  the  entire  skeleton  from  the  examination  of  its 
teeth  and  jaws  alone  ;  nay,  even  from  a  single  tooth  !  When  the  Mosasaurus 
first  appeared,  some  of  the  largest  creatures  that  roamed  beneath  the  deep 
waters  were  saurians  of  gigantic  stature,  which  controlled  the  excessive  in- 
crease of  the  then  extensive  tribes  of  -fishes.  From  the  lias  upwards,  to  the 
commencement  of  the  chalk  formation,  the  Ichthyosauri  and  Plesiosauri 
were  the  tyrants  of  the  ocean ;  and  just  at  the  point  of  time  when  their 
existence  terminated,  during  the  deposition  of  the  chalk,  the  new  genus 
Mosasaurus  appears  to  have  been  introduced  to  supply  for  awhile  their  place 
and  office,  being  itself  destined  in  its 
turn  to  give  place  to  the  whales  of 
■flie  tertiary  period.  No  saurians 
of  the  present  world  are  inhabitants 
of  the  sea,  and  the  most  powerful 
living  representatives  of  this  order, 
viz.,  the  crocodiles,  though  living 
chiefly  in  water,  have  recourse  to 
stratagem,  rather  than  speed,  for 
the  capture  of  their  prey.  But  the 
Mosasaurus  was  so  constructed  as 
to  possess  the  power  of  moving  in 
the  sea  with  sufficient  velocity  to  overtake  and  captui*e  large  and  power- 
ful fishes.  Thus  it  teeth  and  jaws  were  enormous ;  and  the  animal  itself 
was  probably  not  less  than  five-and-twenty  feet  in  length,  although  the 
longest  of  its  modem  congeners  does  not  exceed  five  feet.  The  head  of  the 
Mosasaurus,  here  represented,  measures  four  feet  in  length ;  that  of  the 
largest  Monitor  does  not  exceed  five  inches.  The  animal  resembled  the 
Iguanas  in  having  teeth  apparatus  so  placed  in  the  mouth  as  to  act  as  barbs, 
preyenting  the  escape  of  the  prey.     The  vertebrae  were  fitted  with  a  h^ 
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and  socket-joint,  bo  as  to  admit  easy  and  universal  flexion.  The  tail  was 
flattened  on  each  side,  but  high  and  deep  in  the  vertical  direction,  like  that 
of  the  crocodile,  so  as  to  form  an  oar  of  immense  strength  to  propel  the  body 
by  movements  analogous  to  those  of  sculling.  Instead  of  legs  the  Mosasau- 
rus  had  four  large  paddles,  like  those  of  the  whale,  which  were  probably 
used  to  enable  it  to  rise  to  the  surface  for  respiration. 

The  specimen  from  which  the  cut  is  taken  was  discovered  in  1700.  At 
the  capture  of  Maestricht  by  the  French  it  was  taken  away  from  that  town, 
and  deposited  in  the  Museum  at  Paris,  where  it  now  is.  Our  readers  may 
mdge  of  the  value  attached  to  it,  when  they  are  told  that  the  French  artil- 
lerymen were  directed  not  to  point  their  artillery  towards  that  part  of  the 
town  where  the  precious  relic  was  deposited. 

The  American  chalk  formation  also  gives  us  a  new  gigantic  reptile,  the 
Sanrodon,  so  called  from  the  lizard-like  character  of  ite  teeth.  Bird  foot- 
steps are  here  again  discovered,  as,  for  instance,  in  the  slate  of  Grlaris,  in 
Switzerland,  a  group  corresponding  with  our  gait ;  also  in  a  chalk  bed  near 
Maidstone.  They  belong,  it  is  supposed,  to  birds  of  the  long-winged  swim- 
mer family,  and  were  of  the  size  of  the  albatross.  Lastly,  we  may  mention  . 
that  individuals  of  the  monkey  tribe — the  highest  below  Man,  whom  we  are 
now  fast  approaching — ^are  discovered  in  the  chalk ;  a  fact  that,  taken  in  con- 
nection with  the  appearance  of  the  neighbouring  tropical  plants,  the  cycadese, 
shows  that  during  its  deposition  a  tropical  climate  prevailed. 

Igneous  Rocks  associated  with  the  System, — The  Cretaceous  group  generally 
has  suffered  but  little  from  volcanic  disturbance,  though,  where  the  latter  has 
happened,  the  effects  have  been  on  a  magnificent  scale,  as  in  Ireland,  where 
eruptions  of  basalt  and  other  allied  rocks  have  burst  through  and  spread  over 
the  chalk  to  an  enormous  extent.  The  Giant's  Causeway,  already  spoken 
of,  presents  one  of  the  finest  examples  of  this  character. 

Local  Distribution, — In  England  the  chalk  group  extends  in  a  long  stripe 
from  Kent  to  Yorkshire,  and  occupies  nearly  the  whole  of  the  south-eastern 
parts,  filling  up  the  hollows  left  by  the  lias  and  oolite.  Salisbury  Plain  is* 
occupied  by  the  upper  chalk  beds.  The  cliffs  of  Dover  belong  to  the  chalk 
formation.  It  extends  also  into  the  north  of  France,  thence  onward  into 
Germany,  Scandinavia,  and  Russia,  and  covers  a  vast  area  in  the  United 
States. 

Scenery,  8fc, — The  chalk  is  often  covered  with  the  tertiary  strata,  but  it 
is  also  often  denuded,  or  left  bare.  Independently  of  the  colour — which  be- 
comes every  here  and  there  perceptible  in  chasms,  &c. — the  chalk  districts 
are  easily  recognized  by  the  smooth-flowing  outlines  of  the  hills  and  valleys, 
forming,  in  many  parts,  a  scene  of  charming  undulations,  well  known  to 
most  persons  under  the  denomination  of  **  wolds,"  or  "dowAs."  The  con- 
trast between  the  upper  and  lower  members  of  the  group,  in  their  effects 
upon  scenery,  is  very  striking.  While  we  find  one  writer  describing  the 
chalky  southern  downs  of  England  as  **  covered  with  a  sweet,  short  herbage, 
forming  excellent  sheep  pasture,  generally  bare  of  trees,  and  singularly  d^, 
even  in  the  valleys,  which  for  miles  wind  and  receive  complicated  branches, 
all  descending  in  a  regular  slope,  yet  are  frequently  left  entirely  dry,  and 
what  is  more  singular,  contain  no  channel,  and  but  little  other  circum- 
stantial proof  of  the  action  of  water,  by  which  they  were  certainly  exca- 
vated," another  thus  speaks  of  the  Green  sand  country  between  London  and 
Portsmouth: — **In  crossing  this  desolate  region  by  the  main  road  from 
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London  to  Portsmouth,  it  is  difficult  to  believe  that  vre  are  only  forty  miles 
distant  from  the  capital,  and  midway  to  one  of  the  chief  naval  establishments 
of  the  empire ;  but  the  nature  of  the  soil  effectually  prevents  improvement, 
and  it  is  not  impossible  that  this  tract  may  remain  for  centuries  unchanged, 
and  still  exemplify  the  power  of  geological  causes  in  modifying  the  civil 
condition  of  countries,  as  well  as  their  extinct  features." 

Uses. — The  lower  beds  of  Green  sand  are  quarried  for  calcareous  matter, 
to  be  used  in  building,  and  as  lime.  There,  too,  is  found,  in  the  Weald  of 
Kent,  the  Kentish  ragstone.  A  stone,  nearly  allied  to  the  rag,  is  said  to 
have  been  obtained  from  Boughton,  near  Maidstone,  for  the  erection  of 
Westminster  Abbey.  From  the  Green  sands  of  Black  Down  Hills,  Devon- 
shire, are  obtained  whetstones,  and  many  of  the  neighbouring  inhabitants 
are  employed  in  the  manufacture.  The  chalk  is  used  as  a  polishing  powder 
or  paste,  for  painters'  whiting,  &c.  The  flint  is  the  most  valuable  mineral 
of  the  group,  contributing  so  largely  as  it  does  to  the  manufacture  of  por- 
celain and  glass.  Gun  flints,  formerly  an  article  of  considerable  commer- 
cial importance,  are  now  superseded  by  percussion  caps. 

TERTIARY  STRATA. 

Geological  Contrast  hetween  the  Secondary  and  Tertiary  Formations, — 
Pausing  for  a  moment,  as  we  now  find  ourselves  approaching  towards  the 
close  of  our  journey,  we  are  struck  by  certain  special  differences  between 
tiie  two  formations — that  which  we  have  just  passed  through,  and  that  we 
are  now  about  to  examine.  For  instance,  while  the  secondary  strata  retain 
generally  an  uniformity  of  character  over  immense  spaces  of  territory, 
thereby  suggesting  the  idea  of  an  uninterrupted  sequence  of  certain  geneiil 
physical  agencies,  the  tertiary  strata  exhibit  an  almost  boundless  local 
variety,  and  present  unmistakable  relations  to  the  existing  forms  of  sea  and 
land.  The  earth's  superficial  movements,  during  the  tertiary  era,  seem  to 
have  been  mainly  confined  to  a  general  and  equable  rising,  which  had  the 
effect  of  lifting  above  the  waters  all  the  additional  part  of  the  crust,  which 
was  considered  necessary  to  the  development  of  a  higher  and  more  extensive 
"system  of  organic  life  than  had  previously  existed.  Not  that  Nature  had 
ceased  altogether  to  put  forth  her  strength  in  the  exhibition  of  the  more 
stupendous  phenomena :  on  the  contrary,  some  of  the  grandest  belong  to 
this  time.  The  Pyrenees  were  now  raised.  The  Alps,  from  the  Mediter- 
ranean toward  Mont  Blanc,  reared  their  sublime  forest  of  peaks.  Such  events 
would  of  themselves  materially  affect  the  relative  levels  of  the  sea  and 
land. 

•  Deposition, — Although  the  chalk  formation  is  the  highest  that  extends 
over  a  very  large  portion  of  the  earth's  surface,  there  exist,  in  the  hollows  or 
basins  formed  by  its  beds,  masses  of  clay,  limestones,  marls,  sand,  and 
gravel,  loosely  congregated,  and  of  no  very  great  thickness,  but  showing 
unequivocal  marks  of  stratification ;  that  is  to  say,  of  having  been  regulgrly 
deposited  as  marine  or  fresh- water  sediments.  It  is  this  latter  feature  that 
distinguishes  the  strata  of  the  group  from  mere  superficial  and  accidental 
accumulations,  such  as  we  shall  speak  of  in  our  next  chapter.  London  and 
Paris  both  rest  on  basins  of  this  kind.  It  is  not  difficult  to  decipher  their 
liistory  from  an  examination  of  their  component  parts.  We  shall  take  for 
tids  purpose  the  richer  of  the  two  basins,  that  of  Paris,  premising  that  aooh. 
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basins  are  conBidered  to  be  beds  of  gulfs  and  estuaries,  left  at  the  concluaion 
of  the  chalk  period.  Beginning  from  the  bottom  of  the  Paris  basin,  we  find, 
first,  a  fresh-water  deposit  of  clay  and  limestone,  showing  that  the  estnary 
had  been  stopped  at  the  mouth  by  drift,  or  by  a  change  of  level,  and  thus 
became  an  inland  lake.  Above  this  stratum  we  find  one  of  marine  lime- 
stone, showing  the  sea  had  again  broken  in,  and  restored  the  estuary.  Still 
ascending,  we  arrive  next  at  a  second  fresh-water  formation,  which  includes 
gypsum  ;  then  a  second  marine  deposit  of  sandy  and  limy  beds,  surmounted 
finally  by  a  third  series  of  fresh- water  strata,  showing  how  many  times  that 
particular  spot  had  changed  its  character  from  estuary  to  lake,  and  lake  to 
estuary,  betbre  there  was  final  rest.  We  find  existing  phenomena  cor- 
roborative of  this  view.  In  the  deltas  of  such  rivers  as  the  Isiger,  the 
eonnection  of  pieces  of  fresh  water  with  arms  of  the  sea  is  not  imcommonly 
severed,  for  a  time,  by  the  accumulation  of  sand — or  mud — banks  or  bars, 
which  being  again,  for  a  time,  broken  through,  the  former  state  of  things  is 
restored. 

Zoological  Contrast  between  tlie  Secondary  and  Tertiary  Strata, — We 
have  already  pointed  out  one  great  difference  between  the  secondary  and 
tertiary  strata — ^that  concerning  their  peculiarly  geological  characteristics  ; 
we  must  now  speak  of  another — their  striking  zoological  distinctions. 
While  the  organic  lile  of  the  former  is  obviouslj  and  entirely  distinct  from 
our  own  day,  in  the  latter,  on  the  contrary,  it  is  the  resemblance  to  the 
present  state  of  things  that  forcibly  attimcts  the  attention.  Luleed,  the 
extent  of  the  change  between  the  two  periods  is  so  great,  that  the  close  of 
the  secondary  formation  resembles  the  close  of  the  Palaeozoic  period  already 
spoken  of — that  is  to  say,  there  almost  seems  to  have  been  an  entire  cessa- 
tion, followed  by  a  new  creation,  of  life.  The  tertiary  period  is,  in  fact, 
the  dawn  of  existing  zoological  science.  From  its  commencement,  and 
more  and  more  as  we  ascend,  do  we  find  an  increasing  number  of  forms 
identical  with  those  now  living.  The  abundance  of  shefi-fish  is  one  of  the 
most  noticeable  features  ;  and  as  the  quantity  found  varies,  it  is  supposed, 
in  accordance  with  the  date  of  the  strata  in  which  they  are  imbedded,  Sir 
C.  Lyell  has  made  use  of  the  sheU-fish  to  divide  the  whole  Tertiary  period 
into  tour  eras — ^the  Eocene,  or  dawn  of  recent  animals,  at  the  bottom  of  the 
group,  which  contains  little  more  than  3  psr  cent,  of  survi'sdng  species; 
the  Miocene,  or  less  recent,  which  contains  18  per  cent,  of  existing  species ; 
the  Pliocene,  or  more  recent,  which  yields  from  35  to  50  per  cent. ;  and  the 
Pleistocene,  the  most  recent,  which  affords  from  90  to  95  per  cent,  of  exist- 
ing species.  The  mammalian  remains  of  the  earliest,  or  Eocene  period,  are 
highly  important.  Those  of  Paris  alone  have  given  forth  to  the  light  of  our 
day  some  fifty  species,  all  of  which  have  long  been  extinct.  The  greater 
number  belong  to  the  order  of  Pachydermata,  or  thick-skinned  animals,  and 
to  a  family  allied  to  the  tapirs,  which  is  now  confined  to  South  America 
and  Sumatra.  In  another  pai't  of  the  Paris  Eocene,  the  remains  of  the  first 
knawn  bi-hoofed  animal,  tlie  Anopletherium,  have  been  discovered.  It  is 
supposed  to  have  been  as  large  as  an  ass,  but  not  so  high,  with  a  long  taiL 
It  is  believed  that  its  habits  were  aquatic,  and  that  it  was  an  expert 
swimmer  and  diver,  though  also  accustomed  to  browse  upon  land.  During 
this  period  fresh-water  reptiles  existed,  serpents  as  large  as  the  boa,  birds 
of  various  kinds,  species  allied  to  racoons,  and  foxes,  also  bats  and  monkeys, 
Li  America  the  Eocene  tertiaries  make  known  to  us  tiie  Zeuglodon,  an 
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herbivorous  feeding  whale  with  an  enormous  tail,  and  reaching  altogettier 
to  the  length  of  a  hundred  feet. 

In  the  Miocene  fossils  we  find  animals  allied  to  the  bear,  horse,  dog,  and 
to  the  feline  family,  &0;  Here  also  occurs  the  Binotherium,  an  enormous 
species  of  tapir,  exceeding  in  size  the  largest  fossil  elephant.  Hei:e  is  the 
portrait,  as  restored  to  us  by  Professor  Kaup,  of 


THE  DINOTHERIUM.  , 

The  tusks  are  peculiarly  the  "interesting  feature  of  the  Dinotheriran's 
anatomy.  Dr.  Buckland  has  studied  this  subject  with  his  usual  earnestness 
and  fulness  of  knowledge,  and  gives  us,  as  the  result,  an  interesting  glimpse  of 
the^creature's  habits.  He  says,  "  It  is  mechanically  impossible  that  a  lower 
jaw  nearly  four  feet  long,  loaded  with  such  heavy  tusks  at  its  extremity, 
could  have  been  otherwise  than  cumbrous  and  inconvenient  to  a  quadruped 
living  on  dry  lajid.  No  such  disadvantage  would  have  attended  this  struc- 
ture in  a  large  animal  destined  to  live  in  water ;  and  title  aquatic  habits  of 
the  family  of  tapirs,  to  which  the  Dinotherhim  wa«  most  nearly  allied, 
render  it  probable  that  like  them  it  was  an  inhabitant  of  fresh-water  lakes 
and  rivers.  To  an  animal  of  such  habits  the  wdight  of  a  tusk  sustained  in 
water  would  have  been  no  source  of  inconvenienoe ;  and  if  we  suppose  them 
to  be  employed  as  instruments  for  raking  and  fi;rabbing  up  the  roots  of  .large 
aquatic  vegetables  from  the  bottom,  they  would,  under  such  service,  combine 
the  mechanical  powers  of  the  pickaxe  with  those  of  the  horse-harrow  of 
modem  husbandry.  The  weight  of  the  head,  placed  above  these  downward 
tasks,  woidd  add  to  their  efficiencv  for  the  service  here  supposed — as  tha 
pywoi  of  the  harrow  is  increased  by  loading  it  with  weights.  The  tusks  oi  tiie 
Ui&ollierium  may  also  have  been  applied  with  mechanical  advantage  to  ho(^ 
mk  ike  head  of  the  animal  to  the  bao^,  with  the  nostrils  sustained  aboye  tha 
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water  so  as  to  breathe  securely  during  sleep,  wliilst  the  body  remained 
floating  at  perfect  ease  beneath  the  surface :  the  animal  mijght  Uius  repose, 
moored  to  the  margin  of  the  lake  or  river,  without  the  slightest  muscular 
exertion,  the  weight  of  the  head  and  body  tending  thus  to  flx  and  keep  the 
tusks  fast  anchored  in  the  substance  of  the  bank — as  the  weight  of  the  body 
of  a  sleeping  bird  keeps  the  claws  clasped  firmly  around  its  perch.  These 
tusks  might  have  been  further  used  like  those  in  the  upper  jaws  of  the 
walrus,  to  assist  in  dragging  the  body  out  of  the  water,  and  also  as  formid- 
able instruments  of  defence.  The  structure  of  the  scapula  seems  to  show 
that  the  fore-leg  was  adapted  to  co-operate  with  the  tusks  and  teeth  in 
digging  and  separating  large  vegetables  from  the  bottom.  The  great  length 
attributed  to  the  body  woidd  have  been  no  way  inconvenient  to  an  animal 
living  in  the  water,  but  attended  with  much  mechanical  disadvantage  to  so 
weighty  a  quadruped  on  land.  In  all  these  characters — ^the  gigantic,  her- 
bivorous, aquatic  quadrupeds — we  recognize  adaptations  to  the  lacustrine 
(from  lacus,  a  lake)  condition  of  the  earth,  during  that  portion  of  the 
Tertiary  periods  to  which  the  existence  of  these  seemingly  anomalous 
creatures  appears  to  have  been  limited." 

The  Pliocene  period  is  remarkable  for  its  animals  of  the  thick-skinned 
kind.  This  is  the  era  of  the  Mastodon  and  Mammoth — both  fossil  elephants 
of  gigantic  size.  One  individual  Mammoth  was  found  in  Siberia,  in  1801, 
wim  its  flesh  and  hide  entire,  preserved  by  the  ice  in  which  it  was 
imbedded.  Obviously,  therefore,  these  animals,  though  extinct  now,  must 
have  lived  to  a  comparatively  very  recent  period.  All  the  principal  mam- 
m^alian  forms  appear  by  this  time  on  the  earthy  To  those  already  enumerated, 
the  Pliocene  adds  hyenas,  badgers,  otters,  weasels,  wolves,  &c.  It  is  an 
interesting  fact  to  us,  as  English  persons,  to  know  that  in  this  country 
there  were  beavers  of  large  bulk,  bears,  hippopotami,  and  the  rhinoceros. 
In  India  there  were,  at  the  same  time,  monkeys  of  extraordinary  size,  and 
a  tortoise  eighteen  feet  long.  The  family  of  sloths  possessed  some  most 
extraordinary  representatives  in  the  Megatherium,  Mylodon,  &c.,  which 
obtained  their  food  by  breaking  down  and  devouring  trees. 


UseSj  8fc, — Passing  over  the  igneous  rocks  associated  with  the  system,  of 
which  we  have  already  said  all  that  is  necessary  in  a  preceding  paragraph, 
and  also  over  the  scenery,  which  varies  little  from  tnat  of  the  preceding 
group,  we  may  thus  indicate  the  chief  uses  of  the  tertiary  rocks.    Prom  the 
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upper  limestone  of  the  Paris  basin  are  obtained  tbe  well-known  Burr  mill- 
stones ;  also  a  marble  susceptible  of  high  polish,  and  which  is  very  orna- 
mentally marked  by  the  shells  imbedded  in  it.  A  marl,  for  manure,  is 
obtained  from  the  disintegration  of  some  of  the  limestones.  Pipe  and 
potter's  clay  are  dug  up  both  from  the  London  and  the  Paris  basins.  From 
the  latter  is  also  obtained  the  famous  plaster  of  Paris,  which  is  gypsum,  or 
sulphate  of  lime,  reduced  to  powder  and  kneaded  with  water,  for  the 
purposes  of  the  plasterer,  the  stereotype-founder,  who  makes  his  moulds  of 
it,  and  the  image-maker,  who  sends  forth  into  our  streets  so  many  cheap 
and  beautiful  copies  of  the  finer  works  of  our  sculptors.  The  gypsum  itself 
is  largely  used  for  manure.  Lignite,  or  wood-coal,  is  found  in  some  tertiary 
strata — for  instance,  near  Exeter.  Amber  is  often  found  with  the  lignite, 
and  is  supposed  to  be  gum  that  exuded  from  the  same  or  neighbouring  trees 
that  formed  the  lignite. 


CHAPTER  XL 

STTPEEFICIAL  STRATA,    &C. 

Probably  an  era  betwixt  the  Tertiary  Formations  and  those  of  our  Period. 
— From  the  depths  of  the  earth's  crust  we  have  now  re-ascended  to  the 
surface,  and  seem,  for  the  moment,  as  we  look  around,  to  have  nothing  left 
to  occupy  our  attention  but  those  superficial  accumulations  with  which  our 
eyes  and  our  feet  have  been  familiar  from  childhood — the  gravels,  sands, 
clays,  peats,  &c.,  of  our  own  country,  and  which  in  other  countries  are 
varied  by  the  existence  of  shell-beds,  coral  reefs,  &c.  But  on  a  more  carefal 
review  we  find  many  things  of  interest  lying  about,  and  the  origin  of  which 
suggests  interesting  questions.  As  we  examine  these  we  are  led  to  believe 
that  between  the  era  of  the  Tertiary  strata  and  that  to  which  we  ourselves 
belong  there  has  existed  another — perhaps  n^ore  than  one— period,  of  a 
transitional  character,  to  which  no  name  has  been  attached,  but  to  which 
belong  certain  clearly  distinguishable  phenomena. 

Denudation. — We  have  abeady  described  the  geological  meaning  of  the 
word  **  fault."  Let  us  now  add  that  there  are  often  found  great  faults,  or 
hitches,  in  the  superficial  strata,  which,  if  left  as  they  were  originally  formed, 
must  have  caused  striking  irregularities  in  the  face  of  the  country,  through 
the  one  side  that  was  uplifted  remaining  standing  up  much  higher  than  the 
other ;  but  there  is  no  such  inequality  left.  The  coal-fields  of  Ashby-de- 
la-Zouch  may  be  instanced.  Here  there  is  a  fault.  "We  see  in  them  that 
the  beds,  or  strata,  have  been  forcibly  ruptured,  and  certain  strata  on  one 
side  raised  five  hundred  feet  higher  than  the  corresponding  and  formerly 
united  strata  on  the  other.  But  if  any  one  walks  over  the  top  of  both  sides 
he  will  find  them  level.  What,  then,' has  become  of  the  five  hundred  feet 
of  rock  that  must  have  originally  projected  above  the  surface  on  the  raised 
side  ?  It  has  been  all  washed  away  by  the  action  of  water.  This  is  what  is 
meant  by  Denudation ;  and  we  may  see  how  potent  an  agent  it  has  been  in 
=. bringing  the  world  to  its  present  state.    Professor  Eamsay  has  shown  tiiat 
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C€frtain  portions  of  rock,  removed  from  the  top  of  the  Mendip  HiUs,  must 
have  been  nearly  a  mile  in  thicknesa,  and  they  were  also  washed  away  by 
water. 

There  is  another  class  of  cases  only  to  be  explained  by  the  power  of  denu- 
dation. We  find  extensive  valleys  hollowed  out  in  the  sedimentary  strata, 
leaving  the  sides  facing  each  other  at  considerable  distances,  and  having 
sometimes  a  mass  standing  up  between  them  to  the  same  height,  and  evi- 
dently forming  a  part  of  the  original  uninterrupted  range  of  rock  before 
the  valleys  were  formed  by  the  removal  of  their  contents.  This  phenomenon 
is  explained  by  the  action  of  water  in  washing  away — and  making  a  channel 
for  itself  through — the  softer  portions  of  the  rock. 

Di^Mvmm.— This  term  has  been  applied  to  the  next  class  of  phenomena  of 
which  we  shall  speak.  Below  the  superficial  covering  of  mere  vegetable 
soil,  mixed  as  it  generally  is  with  the  minute  fraOTnents  of  disintegrated 
rock,  and  above  the  stratified  rocks  of  all  eras,  we  find  in  all  parts  of  the 
world,  and  generally  in  somewhat  low  situations,  a  layer  of  stiff  clay,  com- 
monly of  a  blue  colour,  but  sometimes  reddish,  varying  in  thickness  from 
only  a  few  feet  to  above  a  hundred  feet,  and  mixed  with  fragments  of  rock 
that  bear  the  marks  of  having  been  much  rubbed  and  worn  by  travel,  and 
which  vary  in  size  from  that  of  an  egg  to  the  dimension  of  large  isolated 
rocks,  or  boulders,  weighing  many  tons.  This  is  sometimes  called  the 
Boulder  formation,  and  is  supposed  to  have  been  the  product  of  some  vast 
deluge — hence  the  name.  Diluvium — or  of  the  sea  in  a  state  of  unwonted 
agitation  even  for  those  agitated  ^riods. 

Boulders,  8fc, — The  fragments  m  question  can  generally  bef  traced  to  their 
source  in  certain  parent  masses,  lying  often  at  great  distances.  This  is  as 
true  of  the  largest  boulders  as  of  the  smallest  stones.  Thus  pieces  of  the 
granite  of  Shay  FeU  are  found  fifty  miles  away  from  the  latter ;  and  one 
boulder  rock,  in  particular,  lies  high  up  the  Criffel  mountain,  on  the  oppo- 
site side  of  the  Solway  estuary.  Parts  of  the  primitive  rocks  of  the  Lam- 
mermuir  and  Cheviot  ranges  are  also  scattered  through  the  vale  of  the 
Tweed,  and  in  Northumberland.  Blocks  from  the  Welsh  mountains  lie 
about  in  the  midland  counties ;  and  others,  on  the  east  coast,  are  presumed 
to  have  travelled  thither  from  Norway.  It  is  not  likely  that  the  exact  same 
agency  was  concerned  in  the  transport  of  these  large  masses  as  sufficed  for 
the  smaller  ones.  The  latter  might  have  been  driven  to  and  fro  by  the 
mere  chaotic  force  of  the  water ;  the  other  could  only  have  been  transported 
to  great  distances  by  some  additional  power.  This  we  find  in  iceoergs, 
which,  as  we  have  already  had  occasion  to  state,  are  now  continually  trans- 
porting masses  of  rock.  These,  while  imbedded  in  ice,  are  broken  off  from 
the  parent  mass,  fall  into  the  sea,  and  are  then  tossed  about  till  they  reach 
a  region  of  a  milder  temperature,  under  which  they  melt  and  drop  their 
inclosed  burdens.  In  one  of  the  recent  voyages  of  discovery  to  the  Arctic 
regions  this  process  of  transportation  was  seen  going  on.  There  was  a  dark- 
coloured,  angular-shaped  piece  of  rock,  five  or  six  feet  wide  and  twelve  feet 
high  in  its  visible  proportions,  to  say  nothing  of  what  might  be  concealed  in  the 
iceberg  that  inclosed  it,  which  was  between  two  hundred  and  three  hundred 
feet  high,  and  at  least  1,400  miles  from  any  known  land.  As  a  whole,  this 
Boulder  formation  seems  to  tell  us  of  a  period  when  much  of  what  is  now 
dry  land  must  have  been  under  water — a  fact  that  appears  at  once  curious 
and  interesting,  if  we  think  of  it  as  the  latest  of  an  almost  infinite  number  of 
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extensive  risings  and  fallings  of  the  earth's  cmst.  And  how  this  alternate 
action  and  reaction,  advance  and  retreat,  seem  to  foreshadow  man's  own 
mental  phenomena !  May  we  not  hope  that  it  is  with  him  as  with  his  material 
home — ^that  on  the  whole  he  progresses  grandly  and  beautiftdly,  however 
fall  of  reverses  and  disappointments  his  course  may  seem  to  those  who  look 
but  for  a  time  on  his  movements?  / 

Marks  on  Rock  SurfaceSy  8fc, — ^In  immediate  connection  with  the  pheno- 
mena we  have  described  are  certain  marks  or  grooves  often  found  on  the 
surfaces  of  rocks  in  a  peculiar  position,  and  which  appear  to  have  been  made 
by  heavy  and  hard  bodies,  as  they  were  rapidly  hurried  along  by  some  irre- 
sistible force,  as  by  that  of  a  flood,  for  instance,  bearing  upon  its  bosom 
great  masses  of  ice. 

Crag  and  Tail, — The  rocky  elevations,  abrupt  on  one  side  and  gently 
sloping  away  on  the  other,  to  which  geologists  have  applied  the  quaint  ap- 
pellation of  **Crag  and  Tail,"  belong  also  to  the  pecuhar  class  of  geological 
effects  now  under  review. 

day  and  Gravel  Ridges, — The  same  may  be  said  of  the  long  ridges  of 
clay  and  gravel  which  are  found  in  various  parts — in  Finland,  Sweden,  and 
the  United  States,  for  instance.  We  can  readily  understand  how  these  were 
formed  after  perusing  Mr.  Simpson's  Work  on  the  Polar  Seas,  where  he 
i»-«cribes  the  breaking  up,  during  summer,  of  the  ice  formed  in  the  previous 
winter  over  gravelly  distects,  of  the  driving  in  upon  the  shore  of  the  ice  frag- 
ments by  the  wind  or  the  tidal  waves ;  of  their  accumulation  on  the  beach 
in  long  ridges,  which  melting,  leave  the  imbedded  gravel  behind. 

Hie  foregoing  Phenomena  appear  to  have  had  One  Common  Origin, — It 
is  a  very  remarkable  circumstance  that  all  these  phenomena  seem  to  have 
had  not  only  one  common  general,  hut  also  a  special  origin ;  that  is  to  say, 
they  all  seem  to  have  resulted  from  the  action  of  a  grand  watery  current 
sweeping  from  the  north  and  north-west  towards  the  south-east ;  for  the 
directions  of  the  diluvial  blocks,  of  the  grooved  lines,  of  the  crag  and  tail,  and 
of  the  clay  and  gravel  ridges,  are  all  of  that  character.  ^  What  sort  of  a  cur- 
rent, or  flood,  this  must  have  been,  our  readers  may  judge  for  themselves, 
when  they  know  that  it  included  within  its  range  not  only  Europe,  but 
America. 

Glaciers, — The  origin  of  glaciers  is  so  intimately  connected  with  that  of 
icebergs,  and  also  with  that  of  the  Boulder  formation,  that  we  need  not 
apologize  for  the  introduction  of  the  subject  in  this  place.  By  glaciers  we 
understand  those  enormous  masses  of  ice  which  are  formed  on  the  slopes  of 
lofty  mountains,  and  in  the  intervening  valleys,  and  which  remain  apparently 
eternally  unchangeable.  Let  us,  with  the  help  of  an  eminent  foreign  geolo- 
gist, Saussure,  picture  to  ourselves  the  aspect  of  the  most  famous  of  the 
slacicd  regions — that  of  the  Alps.  Let  us  imagine  ourselves  at  a  sufficient 
height  above  these  stupendous  mountains  to  overlook  the  whole,  and  thus 
be  able  to  embrace  at  one  view  the  Alps  of  Switzerland,  Savoy,  and 
lOauphine.  What  do  we  then  see  ?  A  mass  of  mountains,  intersected  by 
numerous  valleys,  composed  of  several  parallel  ranges,  the  highest  in  the 
middle,  and  the  others  gradually  receding  on  each  side.  This  central  chain 
appears  bristling  with  craggy  rocks  which  are  covered,  even  in  summer,  with 
fmow  and  ice,  except  where  their  sides  are  directly  perpendicular ;  while,  in 
strange  contrast,  the  deep  vallejrs  are  ffreen  and  beautiful,  well  watered*, 
and  <jovered  with  villages.    Looking  still  more  closely  into  the  detaiLaot^^ 
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wonderful  soene-^fche  sublimcst,  perliaps,  that  eartfe  can  afford— we  perceiye 
that  tilie  central  ranffe  consists  of  lotty  peaks  and  smaller  chains,  snow- 
topped,  with  all  the  dopes  that  axe  not  directly  vertioal  covered  with  ice, 
whue  ttie  intervals  between  form  elevated  vaJlleys,  containing  enormous 
masses  of  ice,  extending  downward  into  the  deeper  and  inhabited  valleys  of 
tiie  lesser  bordering  chains.  The  chain  nearest  to  the  centre  presents  the 
same  aspect  on  a  raaaller  scale,  but  beyond  that  one  we  see  no  more  ice  or 
snow,  except  upon  the  peaks  of  some  iinnsually  high  snnunits.  Such  is  the 
home  of  the  gmcier.  Between  Mont  Blanc  and  the  borders  of  the  Tyrol 
there  are  about  four  hundred  glaciers,  of  which  the  lonallest  are  generally 
two  or  three  miles  long,  while  most  of  them  range  firom  ten  to  fifteen  miles 
long,  and  from  one  to  two  ndles  and  a  cruarter  broad.  Altogether  it  has 
been  calculated  that  the  glaciers  of  the  IVrol,  Switzerland,  Piedmont,  and 
Savoy  cover  an  area  of  nearly  fifteen  hundred  square  miles.  The  constant 
increase  of  ice  at  the  summits  of  the  Alps,  where  of  course  the  cold  is  greatest, 
would  add  as  constantly  to  their  height,  were  it  not  for  its  descent,  in  the  form 
of  glaciers,  into  and  through  the  valleys.  Sublimity  is  not  the  only  element  of 
the  scene ;  its  beauty  is  scarcely  less  attractive  when  we  paas  from  the  whole 
to  study  the  component  parts.  Thus,  for  instance  (as  Sir  C.  Lyell  notices), 
the  ice  in  descending  the  steep  slopes  felling  from  the  abrupt  precipices,  ov 
in  being  forced  through  narrow  gorges,  is  broken  into  a  thousand  fantastic 
or  picturesque  forms,  with  lofty  peaks  and  pinnacles  projecting  upwards, 
^'lliese  snow-white  masses  are  often  relieved  by  a  dark  baol^^und  of 
pines,  as  in  the  valley  of  Chamonni,  and  are  not  only  surrounded  with 
abundance  of  the  wild  rhodi>dendron  in  fall  flower,  but  encroach  still  k^er 
into  the  region  of  cultivation,  and  trespass  on  fields  where  the  tobaooo-plant 
is  flourishing  by  the  side  of  the  peasant's  hut." 

Glacier  Motion, — ^The  cause  of  the  motion  of  the  glaciers  has  been  much 
discussed  among  scientific  men.  The  result  seems  to  be  a  tolerably  general 
agreement  that  the  chief  agent  of  motion  is  gravity,  acting  upon  a  plane 
more  or  less  inclined,  and  upon  a  body  capable  of  a  certain  amount  of  self- 
adaptation  to  the  surrounding  circumstances,  and  aided  by  the  melting  of 
the  bottom  of  the  glaciers,  where  they  rest  upon  the  earth,  through  the 
higher  temperature  of  the  latter.  This  self-moulding  power  of  ice  is  mudi 
more  considerable  than  one  would  at  first  suppose.  The  following  interest- 
ing experiment  was  made  by  the  secretary  of  the  Royal  Society.  He  filled 
with  water  a  hollow  shell  of  iron  an  inch  and  a  half  thick,  and  having  an 
Internal  cavity  of  ten  inches  diameter.  This  was  exposed  to  severe  m)st, 
the  fuse-hole  of  the  shell  being  placed  uppermost.  As  the  water  froze 
would  it  burst  the  cell  or  force  the  ice  out  at  the  hole  ?  The  answer  was  the 
protrusion  of  the  ice  in  the  form  of  a  cylinder,  which  grew  on,  inch  by  inch, 
as  a  larger  quantity  of  the  water  became  frozen.  Sir  C.  Lyell  states  :  **  A 
series  of  beautiful  experiments  enabled  Professor  Forbes  to  determine,  for 
the  first  time,  the  true  laws  of  glacier  motion,  which  were  found  to  agree 
very  closely  with  those  governing  the  course  of  rivers,  their  progress  being 
fester  in  the  centre  than  at  the  sides,  and  more  rapid  at  the  surface  than  at  the 
bottoftn.  This  law  was  verified  by  carei^y  fixing  a  great  number  of  mazks 
in  the  ice,  arranged  in  a  stsrai^ht  line,  which  graduaOy  assumed  a  beautifiil 
curve,  the  middle  part  pointing  down  the  gmcier,  and  showing  a  veloeiity 
t'aere  double  and  treble  that  of  the  lateral  parts.  He  ascertained  that  thub 
state  of  advance  by  night  was  nearly  the  same  as  by  day,  and  that  even  the 


3?0PXrLAB  GEOLOGY.  ^289 

lioiirly  mardi  of  the  icy  stream  ooxdd  be  detected,  although  the  progress 
might  not  amoimt  to  more  than  six  or  seven  inches  in  twelve  hours."  15y 
the  incessant  though  invariable  advance  of  the  marks  placed  upon  the  ice, 
**  time,". says  Mr.  Forbes,  "  was  marked  out  as  by  a  shadow  on  a  dial,  and 
the  unequivocal  evidence  which  I  obtained  that  even  whilst  on  a  glacier  we 
are,  dayby  day,  and  hour  by  hour,  imperceptiblv  carried  on  by  the  resistless 
flood  of  the  icy  stream,  filled  me  witii  admiration.'^  In  order  to  show  or  explain 
this  remarkable  regularity  of  motion,  and  its  obedience  to  laws  so  strictly 
analogous  to  those  of  fluids,  the  same  writer  proposed  the  theory  that  the  ice, 
instead  of  being  solid  and  compact,  is  a  viscous  or  plastic  body,  capable  of 
yielding  to  great  pressure,  and  the  more  so  in  proportion  as  its  temperature 
IS  higher,  or  as  it  approaches  more  nearly  to  the  melting  point. 

English  Glaciers, — ^Now,  what  is  true  of  the  existing  glaciers  of  the  conti- 
nental Alps  was  doubtiess  also  true  of  the  glaciers  of  our  own  mountainous 
regions  when  they  existed ;  for  we  have  no  doubt  that  they  did  exist  in  such 
districts  as  the  W  elsh  mountains.  The  investigations  of  Affassiz  and  others, 
and  the  known  greater  extension  of  the  glaciers  of  the  Alps  in  past  times, 
render  it  highly  probable  that  this  "  ice-power,"  as  it  has  been  called,  has 
been  actively  at  work  (during  former  eras)  in  parts  where  now  no  fields  of 
ice  are  ever  found.  Applying  this  fact  to  our  mountainous  regions,  we  see  at 
once  the  explanation  oi  the  smoothed  and  roxmded  rocks,  the  grooved  surfaces, 
the  ohannels  parallel  to  the  grooves,  and  other  phenomena,  for  all  these  are 
known  to  be  produced  by  glaciers  on  the  surfaces  they  pass  by  or  over.  Of 
course  an  iceberg  is  but  a  floating  glacier,  and  therefore  there  is  no  difficulty 
in  understanding  how  the  boulders  we  have  ^oken  of  were  originally  im- 
bedded in  a  glacier,  which  was  either  carried  by  its  own  motion  to  the  water, 
01  to  which  the  waters  came  in  the  course  of  the  differing  geological  pheno- 
mena we  have  described.  Thus,  to  borrow  an  illustration  from  the  Penny 
Cyclopaedia,  the  ancient  glacier  streams  of  Cumberland  may  have  delivered 
the  detrital  blocks  of  Shap  and  Carrock  into  the  sea  by  the  breaking  off  of 
icebergs,  which  may  then  have  been  drifted  by  currents  to  Staffordshire,  to 
the  mouth  of  the  Tyne,  and  the  valleys  of  York  and  Holdemess. 

Has  England  had  a  low  Northern  as  well  as  a  Tropical  Temperature  f — 
All  this,  however,  implies  a  considerable  change  in  the  temperature  of  Eng- 
land, which,  as  we  have  seen,  was  in  all  probability  tropical  during  l£fi 
earlier  geological  eras,  and  which,  as  we  shall  presently  show,  remained  so 
during  some  part  of  the  period  at  present  under  review.  But  such  a  change 
involves  no  great  difficul^,  when  we  consider  that  mere  alterations  of  xbe 
relative  arrangements  of  land  and  water  immediately  affect  the  temperature, 
and  changes  of  that  character  were  obviously  of  frequent  occurrence  while 
the  earth  was,  as  it  were,  making  its  final  arrangements  for  the  state  of  things 
which  includes  man.  We  seem,  therefore,  to  have  had  a  glacial  perioa 
among  the  numerous  other  periods  already  spoken  of. 

Ossiferous  Caverns, — ^But  of  aU  the  results  of  the  Diluvium  phenomena 
the  ossiferous  caverns  are,  perhaps,  at  once  the  most  popularly  and  scienti- 
floally  interesting.  These  are  so  called  &om  os,  bone,  and  fero,  I  bear — 
words  referring  to  the  remarkable  contents  of  the  said  caverns.  They  are 
found  in  various  parts  of  the  world,  including  our  own  country.  The  chief 
English  ones  are  the  follo^^ing : — ^Banwell  Cave  and  Hutton  Hole,  in  the 
Kendip  Hills ;  Kenf  s  Hole,  at  Torquay ;  the  Peak  Cavern,  in  Niddesdale ; 
ajid  Kurkdale,  in  Yorkshire.  They  occur  in  the  limestone  8t!».ta^^^\cL^  ^o^ 
peculiarly  liable  to  be  hollowed  out  by  the  acticni  ot  H^gra!^«si\^N3&i\fcTts^^ 
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waters.  We  shall  briefly  describe  Kirkdale  Cave.  This  is  situated  abont 
twenty-flye  miles  north-east  of  York,  and  occupies  an  elevated  position  over- 
looking the  valley  of  Pickering.  It  has  been  explored  to  the  depth  of  about 
250  feet.  The  breadth  of  the  cavern  varies  from  that  of  a  very  narrow 
passage  to  about  Ave  feet.  The  height  generally  does  not  exceed  three  or 
four  £et,  but  in  parts  a  man  can  stand  upright.  At  the  mouth  there  is  an 
expansion,  forming  a  kind  of  antechamber  to  this  primeval  wild-beast 
mansion ;  and  there  it  was  that  the  bones  of  the  more  important  animals 
were  found,  sticking  up  through  the  floor  of  the  stalactite  caused  by  the 
droppings  of  the  roof,  like  the  legs  of  pigeons  through  a  pie-crust,  to  use  Dr. 
Buokland's  savoury  image.  It  is  to  this  stalactite  we  are  indebted  for  the 
preservation  of  the  bones.  Liebig's  explanation  of  the  origin  of  the  stalactite 
18  as  foUows : — He  found  on  me  simace  of  Franoonia,  where  limestone 
caverns  abound,  a  fertile  soil,  containing  a  considerable  quantity  of  decaying 
vegetable  matter,  which,  when  acted  upon  by  air  and  moisture,  gives  forth 
carbonic  acid,  which  dissolves  in  rain.  Rain-water  thus  impregnated  passes 
through  the  porous  limestone,  dissolving  some  of  the  latter  on  its  way,  until 
it  reaches  the  interior  of  the  cavern,  where  it  loses  some  of  its  carbonic  acid 
by  evaporation,  and  where  it  also  parts  with  its  calcareous  matter,  and  that 
which  remains  is  stalactite.  Beneath  the  stalactite  was  found  the  true  floor 
of  clay.  The  bones  included  the  remains  of  twenty- three  species ;  and  a 
most  extraordinary  assemblage  thejr  represented,  namely — ^hyenas,  tigers, 
and  bears  side  by  side  with  larks,  pigeons,  ravens,  ducl&B,  and  partridges ; 
the  hippopotamus,  rhinoceros,  and  ^ephant  accompanied  the  deer  (mree 
species),  the  ox,  and  the  horse ;  the  remains  of  the  wolf,  the  weasel,  the  fox, 
and  the  water-rat  were  mingled  with  those  of  the  rabbit,  the  hare,  and  the 
mouse.  The  bones  of  the  gentler  animals  were  much  broken,  and  presented 
altogether  the  appearance  of  their  owners  having  formed  the  food  of  the 
fiercer  ones.  The  remains  of  nearly  three  hundred  hyenas  have  been  traced 
among  these  bones,  including  individuals  of  every  age.  The  species  is  now 
extinct.  It  was  larger  than  the  terrible  hyena  of  South  Africa,  the  Hyena 
crocuta.  There  is  no  doubt  these  animals  lived  here,  as  a  large  quantity  of 
their  dung  was  found,  which,  as  in  the  case  of  the  existing  hyena,  is  nearly 
of  the  same  composition  as  bone,  and  scarcely  less  durable.  No  doubt 
exists,  therefore,  but  that  these  were  the  true  tenants  of  the  cave,  and  that 
the  bones  of  the  larger  animals  were  brought  in  by  them  from  the  neigh- 
bourhood :  and  so  we  get  another  glimpse  of  England  in  its  tropical  or 
semi-tropical  days. 

Ancient  raised  Beaches, — In  the  foregoing  paragraphs  we  have  had  chiefly 
to  deal  with  incidents  arising  out  of  the  great  event  or  events  that  caused  so 
large  a  portion  of  what  had  been  dry  land  again  to  be  buried  beneath  the 
waters.  We  have  yet  to  speak  of  those  which  reveal  to  us  the  re-emerging 
of  the  land  preparatory  to  its  becoming  our  home.  Near,  and  often  at  some 
distance  inland  from  it,  are  found  terraces  of  the  kind  shown  in  the 
following  engraving,  and  which  might  almost  be  mistaken  for  the  re- 
mains of  some  ancient  amphitheatre  which  man  had  created.  Such  terraces 
are  found  in  Britain,  Scandinavia,  America,  &c.  There  can  be  no  doubt 
what  they  are — the  beaches  on  which  the  sea  once  rested ;  and  Hieir  succes- 
sive elevation  one  above  another  shows  how  the  sea-bed  has  been  itself 
elevated  from  time  to  time.  The  highest  was  the  earliest  coast  line ;  then 
there  was  an  elevation  of  the  district,  and  what  is  now  the  second  terrace 
became  the  coast  line,  and  so  on.     Such  risings  of  the  sea-coast  have  been 
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going  on  in  our  own  historical  era.  Sweden,  indeed,  is  said  to  be  still  rising 
at  the  rate  of  about  forty-five  inches  in  a  century. 

Organic  Life, — The  extensive  submersion  of  which  we  have  sj^oken  must 
have  had  a  serious  effect  on  the  animal  life  of  the  time ;  but  it  is  not  true, 
as  some  have  supposed,  that  this  injury  extended  to  absolute  destruction 
and  new  creation.  We  find  some  species  of  the  Tertiary  era  identical  with 
some  that  now  exist.  A  badger  of  the  Miocene'  period,  for  instance,  is  con- 
sidered to  be  indistinguishable  from  the  badger  of  the  present  time.  So, 
again,  there  exist  in  India  many  reptiles  known  to  be  coeval  with  the  extinct 
Anoplotheri,  Mastodon,  &c.,  of  the  Himalayas. 

The  animal  remains  of  the  other  superficial  strata  (the  latter  including 
filled-up  lakes,  the  deposits  of  rivers  beside  their  margins,  and  of  the  greater 
rivers  at  their  mouths,  as  in  the  deltas  already  spoken  of  in  earlier  chapters, 
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p^t  mosses,  vegetable  soils,  &c.),  all  betoken  that  they  belong  to  a  zoology 
which  was  passing  gradually  from  the  Tertiary  to  the  present  period.  Thug 
we  find  m  superficial  deposits  in  North  America  the  remains  of  the 
extoct  Mammoth  aud  Mastodon  by  the  side  of  the  remains  of  the  san:e 
buffalo  as  that  which  still  roams  in  countless  herds  over  the  prairies  of 
the  same  comitry.  Again,  to  borrow  an  illustration  from  our  own  country, 
at  Market  Weighton,  in  Yorkshire,  there  have  been  found  in  the  earth  of  a 
like  deposit  the  bones  of  the  bison,  elephant,  rhinoceros,  wolf,  some  feline  ani- 
mal, horse,  deer,  and  birds,  all  differing  in  some  respects  from  their  congeners 
of  to-day,  but  associated  with  some  thirteen  species  of  shells,  terrestrial  and 
marine,  which  are  identical  with  shell-fish  now  living  in  the  neighbourhood. 
To  our  enCTaving  of  the  Mastodon  we  must  append  a  few  words.  It  has 
been  called  the  animal  of  the  Ohio,  from  the  number  of  its  bones  that 
have  been  found  in  the  north  part  of  Kentucky,  near  the  Ohio  river, 
at  a  place  called  (obviously  in  consequence)  the  Big-bone  Lick.  The 
engravmg,  incur  next  page,  of  the  molar  tooth  of  the  Mastodon,  which  is 
Tery  much  leduced  below  the  natural  size,  suggests,  even  more  than  the 
oomplete  skeleton  of  the  animal,  its  terrible  size  and  chaswiXfet,  "S^^^^fc^ 
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prcjbably  abont  the  height  of  the  elephant,  but  longer  and  stouter.  M.  Fabri, 
a  French  officer,  told  BuSbn,  the  eminent  natundist,  that  the  red -men.  of 
America  considered  these  bones  to  belong  to  an  animal  ndiich  they  named 
the  Fere  aux  Bcsufa,  or  Father  of  the  Oxen,  and  to  which  they  attach  a 
notifieable  tradition.  They  say,  that  witih  Hiese  animals  there  existed  men 
on  the  same  gigantic  scale,  and  that  the  Gfreat  Being  destroyed  both  wit 
Hiunderbolts.  The  Yirginian  Indians  give  the  story  to  the  effect  that  as  a 
troop  of  these  tremendous  creatures  were  destroying  the  deer,  bisons,  and 
other  animalfl  created  for  their— the  Indians* — ^use,  the  '*  Great  Man"  slew 
them  all  with  his  thunder  except  Hie  Big  Bull,  which,  nothing  daunted, 
presented  his  enormous  forehead  to  the  bolte,  and  shook  them  off  as  they  feD, 
tiU  at  last,  being  wounded  in  the  side,  he  fled  toward  the  great  lakes,  where 
he  is  to  this  day. 
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The  great  distinction  between  the  zoology  of  the  present  as  compared  wit  h 
aH  earlier  geological  eras  seems  to  be  this : — ^Formerly  there  was  an  immense 
number  of  mdiyiduals  in  each  of  the  species  that  dia  exist,  but  the  number 
of  species,  and  still  more  that  of  genera  and  orders,  was  limited ;  now,,  on 
tie  contrary,  while  there  is  a  wonderfully  rich  development  of  various  kinds 
of  life — as  shown  in  the  great  number  of  orders,  genera,  and  species — ^the 
mass  of  individual  life  in  each  special  division  is  proportionately  limited. 
Dievelopment  of  life  from  a  low  to  a  higher  state  has  been  the  law,  not  mere 
increase.  The  mode  of  this  development  is  a  perplexing  subject.  All  that 
we  can  at  present  safely  say  upon  it  seems  to  be  this :  Looking  over  the 
whole  fleld  of  creation,  £rom  its  earliest  to  its  latest  manifestations,  it  is 
impossible  to  doubt  that  there  has  been  a  constant  progress.  We  see  as  an 
obvious  fact  that  higher  and  higher  forms  have  risen  as  era  has  foUowed 
era ;  but  whether  this  is  to  be  attributed  to  so  many  special  acts  of  creation 
accompanying  each  individual  advance,  or  whether  there  was  originally 
included  m  the  Divine  scheme  of  vegetable  and  animal  life  some  power  that 
should  cause  each  form  to  advance  a  step  upwards  under  certain  stimuli, 
is  too  large  and  too  serious  a  question  to  be  discussed  in  our  pages. 
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Finally,  in  glancing  over  the  names  of  tlie  aninials  whose  presence  in  the 
world  at  this  early  period  has  been  discovered  by  their  remains,  we  miss 
•certain  of  the  most  familiar  forms,  such  as  .the  sheep  and  the  goat,  and  above 
aU,  Man  himself,  whom  we  thus  peroeive  to  be  the  very  latest  bom  of  all 
the  existing  inhabitants  of  the  world.  In  none  of  the  older  formations  do 
we  find  any  relics  of  him;  nowhere,  indeed,  but  in  places  and  among 
aoeumulations  that  are  evidently  of  the  most  recent  duaraoter — such  as  in 
peat  bogs,  river  sand,  and  l^e  ashes  and  cinders  of  vol(»iiic  eroptums. 
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CHAPTER  Xn. 


6L0SSABT  OF  OEOLOeiGAL  TEBMB, 

(The  object  of  this  glossary  is  not  merely  to  explain  tke  teehnical  terms  used  in  the 
preoeding  nages,  but  also  to  aid  the  student  in  his  ]>erusal  of  geological  woiks  of  a 
more  strictiT  scientific  character.  We  hare  not  thought  it  necessary  to  repeat  explana- 
tions already  given,  where  they  run  to  any  length,  or  are  oomparatively  unimportant^ 
and  hare  therefore  in  such  cases  simply  referred  to  the  pa^  where  the  term  may  be 
found  properly  described.  The  zoological  and  other  scientific— but  not  direcUy 
geological — ^terms  that  are  also  included,  are  those  which  commonly  occur  in  geological 
treatises.] 


Acephalous.  A  division  of  molluscous  ani- 
mals without  heads,  like  the  oyster. 

Adipoeire.  A  substance  between  fat  and 
wax,  formed  under  certain  circumstances 
from  the  decomposition  of  animal  matter 
buried  in  the  earth. 

Alabaster.  A  white  semi-transparent  va- 
riety of  gypsum. 

Albite.    A  variety  of  felspar. 

Alga,  An  order  of  the  Gryptogamic  class 
of  plants,   including   sea-weeds,    from 

•    which  the  name  is  derived. 

Allumum.  Stones,  gravel,  earth,  &c., 
washed  away  from  certain  parts  and  de- 
posited in  others,  not  constantly  covered 
with  water. 

Alum-stone.  Alum  is  the  basis  of  pure  clay. 
For  Alum,  see  p.  246. 

Ammonite.  Extinct  molluscous  animals 
allied  to  the  Nautilus,  and  living  in  a 
chambered  shell  curved  like  a  snake's 
coil. 

AmorpJwus.    Bodieswithout  regular  form. 

Amygdaloid.  One  of  the  trap  rocks,  con- 
taining agates  and  a/mon^f-shaped  mine- 
rals. 

Analcine^  or  Oubizite.  A  mineral  often 
found  in  the  trap  rocks. 

Analogue.  A  body  (of  one  period)  corre- 
sponding with  another  (of  a  different 
period). 

Ancient  Raised  Beaches.    See  p.  260. 

Anthracite.  A  kind  of  mineral  charcoal, 
shining,  and  somewhat  like  blacklead. 
See  p.  229. 

Anticlinal,  or  Saddle-hack  Strata.  Bending 
from  a  common  centre  towards  opposite 
sides. 

Aqueous  Rocks.    See  p.  194. 

Arenaceous.    Sandy. 

Argillaceous.    Clayey. 

Arragonite.  ^  A  mineral  first  found  in 
Arragon,  in  Spain,  and  composed  of 
carbonate  of  lime. 

Augite.  A  dark  green  or  black  mineral, 
forming  one  of  the  constituents  of  cer- 
tain volcanic  rocks. 


Artesian  Wells.  These  ace  made  by  boring 
perpendicularly  through  various  strata, 
ana  ^nerally  to  a  great  depth.  First 
practised  at  Artois,  in  France:  hence 
the  name. 

Atolls.    Bing-shaped  coral  islands. 

Avalanches.  Masses  of  snow  formed  at 
great  heights  in  the  Alps,  and  which,  as 
they  br^ik  away  and  descend,  become 
frequently  of  enormous  size  through  fresh 
accumulations. 

Basalt.  One  of  the  most  common  and  in- 
teresting varieties  of  the  trap  rocks.  See 
p.  237. 

Basin.  Deposits  lying  in  a  cavity  or  de- 
pression in  the  earlier  rocks,  such  as  the 
Paris  Basia  and  the  London  Basin. 

Belemnites.  Extinct  molluscous  animals, 
having  a  chambered  shell,  straight,  long, 
and  conical. 

Bitumen.    Mineral  pitch.    See  p.  200. 

Bituminous  Shale.  A  clayey  mud  strongly 
impregnated  with  bituminous  matter. 

Blende.  A  metallic  ore,  found  in  brown  and 
shining  crystals,  and  consisting  of  a  com- 
pound of  zinc  and  sulphur. 

Bluffs.  High  precipitous  banks  overhang- 
ing seas,  &c. 

Botryoidal.  Besembling  inform  bunches 
of  grapes. 

Boulders,  Great  blocks  of  stone,  found 
scattered  about  in  places  to  which  they 
do  not  naturally  oelong,  and  which, 
therefore,  have  been  transported  from 
other  parts,  which  are  often  traceable, 
and  lying  at  a  great  distance.  See  p.  256. 

Breccia.  Angular  rock  fragments  con- 
nected by  some  mineral  substance,  such 
as  lime. 

Calc  Sinter.  Petrifying  springs.  A  German 
term. 

Cdlcaire  Chrossier,  Certain  strata  of  the 
Paris  Basin. 

Calcareous.    Containing  lime. 

Calcareous  Bock.    Limestone. 

Calcareous  Spar.  Crystallized  carbonate 
of  lime. 
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CcUcedony,  Animcrystallized  flinty  mineral. 

Carbon.  One  of  the  elementary  bodies, 
which  can  neither  be  decomposed  nor 
burned. 

Carbonate  of  Lime,  lime  in  combination 
-with  carbonic  acid. 

Carbonated  Springs,  Natural  springs  highly 
charged  with  carbonic  acid  gas,  and  of 
frequent  occurrence  in  yolcanic  dis- 
tricts. 

Carbonic  Acid  Gas.  The  gas  obtained  arti- 
ficially by  the  slow  burning  of  charcoal, 
and  which  often  issues  naturally  from 
the  earth,  especially  in  yolcanic  countries. 

Carboniferous.  A  group  of  the  secondary 
strata,  otherwise  known  as  the  coal  for- 
mation. The  word  is  also  applied  to  any 
stratum  containing  coal. 

Cataclysm,    A  deluge. 

Cephalopoda.  Molluscous  animals  with  the 
organs  of  motion  around  their  heads. 

Cetacea.  The  whale  family.  An  order  of 
animals,  yertebrated  and  mammiferous. 

Chalk.  White  earthy  limestone.  'For  Chalk 
System,  see  p.  247. 

Chert.  A  flinty  mineral,  approximating  to 
flint  and  calcedony. 

Chloritic  Sand.    Sand  of  a  green  colour, 
wliich  it  derives  from  the  presence  of  the 
mineral  chlorite. 
■  Clay  Slate  Formation.    See  p,  216. 

Clay  and  Gravel  Ridges.    See  p.  257. 

Cleavage,  The  quality  possessed  by  slate 
rook  of  being  cloven  into  thin  laminae, 
or  plates.    See  p.  217. 

Clinkstone,  or  Fhonolite.  So  called  from 
the  sonorous  sound  it  emits  when  struck. 
One  of  the  trap  rocks. 

Coal  Formation,  See  Carboniferous;  see 
also  p.  229. 

Coleoptera,  Beetles  with  four  wings,  the 
upper  pair  hardened  into  a  shield. 

Conformable.  Strata  lying  one  above  the 
other,  in  the  same  direction,  are  con- 
formable ;  but  when  they  lie  in  difierent 
directions,  as  when  one  is  inclined  and 
the  other  horizontal,  they  are  called  un- 
conformable. 

Congeners,  Species  belonging  to  the  same 
genus. 

Conglomerate,  also  called  Pudding-stone, 
consists  of  pebbles  of  rock-fragments  seL 
as  it  were,  in  a  cement  or  paste  formed 
by  another  mineral  substance. 

Conifera.  Plants  like  the  pine  and  fir, 
which  have  their  seed  in  cones. 

Coprolites.    Petrified  animal  excrements. 

Cornbrash.  A  rock  that  breaks  readily  under 
the  action  of  the  plough  in  the  prepara- 
tion of  the  soil  for  com. 

Corals,    See  p.  210. 


Cosmogony,  or  Cosmology.  Words  expreasiTe 
of  speculations  regarding  the  origin  of 
the  earth.  See  p.  187. 

Crag,  Certain  Tertiary  deposits  of  sand 
with  shells,  &c.,  are  so  called  in  Norfolk 
and  Suffolk. 

Crag  and  Tail,    See  p.  257. 

Crater,  The  circular  cavity  or  chimney 
through  which  volcanic  matter  is  ejected. 

Cretaceous,    Chalky. 

Cretaceous  System,  One  of  the  systems  of 
the  Secondary  strata.    See  p.  2i47. 

Crop  out.  When  strata  are  puj^edup  above 
the  surface  of  the  earth,  they  are  said  by 
miners  to  crop  out. 

Crust  of  thi  Earth.    See  p.  190. 

Crustacea,  Animals  of  the  crab  and  lobster 
class,  which  possess  a  hard  shell  or 
crust,  which  they  renew  periodically. 

Cryptogamic  Plants  are  such  as  mosses, 
lems,  and  sea- weeds,  in  which  the  organs 
of  reproduction  are  concealed. 

Crystals,  The  regular  forms  with  facets 
like  those  of  the  cut  glass  of  our  chande- 
liers, in  which  simple  minerals  are  often 
found,  are  known  by  this  name.  Such 
minerals  are  said  to  be  crystallized. 
When  regular  crystals  are  broken,  or 
when  a  mineral  consists  of  a  confused 
mass  of  ill-defined  crystals,  they  are  said 
to  be  crystalline.  Loaf-sugar  is  crystal- 
lipe;  ^ugar-candy  crystallized.     . 

Cupriferous,    Copper-bearing. 

Curved  or  Contorted  Strata.    See  p.  196. 

Cy cadets.  Tropical  plants  with  a  short 
stem,  and  leaves  that  branch  out  in  a 
circular  form,  and  are  called  pinnated 
fronds^ 

Cyperacea.  Plants  like  the  English  sed^. 

Debacle.  A  great  rush  of  water,  carmng 
before  it  and  spreading  on  its  way  irag- 
ments  of  the  rocks  that  had  previously 
barred  its  way. 

Bdbris.  Loose  materials  arising  from  the 
disintegration  of  rooks. 

Degradation.  The  slow  wearing  down  of  a 
part  comparatively  high  to  a  lower  level. 
Thus  hills  are  degraded  by  rains  and 
rivers. 

Delta.  The  land  formed  at  the  mouths  of 
great  rivers  by  the  transport  and  depout 
of  sediment  contained  in  the  latter. 

Denudation.  Parts  of  the  surface  of  the 
earth  laid  bare  by  the  action  of  running 
water.    See  p.  255. 

Deposit.    Matter  settled  down  from  water. 

Detritus.  The  particles  or  firagmeats 
rubbed  off  from  rocks. 

Diluvium,  The  loose  materials  collected 
together  by  the  action  of  a  deluge  or  some 
powerful  ourrent  of  water.    See  p.  256. 
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I^.  Inclined  strata  are  said  todipto' 
wardflsome  point  of  the  compass;  and 
the  angle  they  make  with  the  norixon  is 
the  angle  of  inclmation  or  dip. 

JHptera.  The  order  of  insects  that  possess 
out  two  wings. 

JHaintegrate.  To  break  asunder  solid  sub- 
atanoes.  Socks  are  disintegrated  by 
frosts,  &e. 

Dislocation,    Put  out  of  place. 

IHtrupting,    Breaking  asunder. 

Dolerite.  A  trap  rock,  composed  of  felspar 
and  augite. 

Jkiomite,  A  crystalline  limestone  con- 
taining magnesia. 

Dimes.  Low  hillocks  of  sand  blown  toge- 
ther by  the  wind  on  the  sea-shore. 

Dyeotykdonous.  Plants  haring  two  seed- 
yessels,  or  lobes,  and  which  form  one  of 
the  grand  scientific  divisions  of  the 
vegetable  world. 

Dykes.  Igneous  rocks  injected  tiuough  a 
rent  in  the  superincumbent  strata.  See 
p.  195. 

Emhouchwre,  The  mouth  of  a  river,  or  the 
area  over  which  it  extends  in  entering  a 
sea  or  lake. 

JBnerinites.    See  p.  225. 

JSoane.  Sir  C.  lyell's  name  for  the  lowest 
portion  of  the  Tertiary  strata. 

JSaearpmmt,  The  precipitous  firont  of  a 
high  ridge  of  land. 

JSstuaries.  Openings  of  the  land  from  the 
sea,  through  which  both  rivers  and  tides 
find  way. 

HxuvuB.  In  geology,  this  means  the  fossil 
shells  and  other  animal  remains  found 
in  the  earth's  crust. 

JFaluns,  A  French  name  for  Tertiary 
strata  with  shells,  resembling  the  Nor- 
folk crag. 

^alse  Strata,  or  Inter  stratification.  See 
p.  195. 

Fault.  A  break  or  dislocation  of  strata, 
leaving  a  crack  between  (generally  tilled 
up  with  rubbiBh),  and  with  the  strata  on 
one  side  higher  than  the  corresponding 
parts  on  the  other.    See  p.  195. 

^auna.  The  animals  natural  to  a  country 
constitute  its  Fauna,  as  the  plants  form 
its  Flora. 

Felspar.  The  white  angular  grains  of 
granite.  This  simple  mineral  (see 
aimple  Minerals),  next  to  quartz^  is  the 
chief  material  of  rocks. 

Fnrruginous.    Containing  iron. 

Fissile.    Easily  cleft. 

Flint.    See  p.  247. 

Floetz  Books.  A  German  term  for  the 
Secondary  strata,  which  was  supposed  to 
occur  chiefly,  in^^  beds. 


Flort^,    See  Fttma, 

FhmatiU,    Belonging  te  a  river. 

Fonnatum,  A  gnmp  of  strata  relbired  to 
one  common  period  or  orig^. 

Fossils.  The  petrified  remains  of  animala 
and  plants.    See  p.  197. 

Fossils,  lowest  strata  containing.  See 
p.  217. 

Fossiliferous.    Containing  fossils. 

Fractures,    See  p.  194. 

Freshets,  Land-floods  through  the  sudden 
rising  of  riven. 

OaUna.  A  metallic  ore  oonsisting  of  lead 
and  sulphur. 

Ganoids.  An  order  of  fishes  covered  with 
angular  and  regularly  arranged  scales, 
composed  internally  of  bone,  and  coated 
with  a  most  brilliant  enameL 

Garnet.  A  crystallized  mineral,  or  precious 
stone,  generally  of  a  deep  red  colour, 
found  in  the  ipeons  rocks. 

Gasteropods.  Testaceous  animals  with  a 
foot  directly  attached  to  tiie  body,  as  in 
the  limpet 

Gauit,  or  Gait.  Beds  of  clay  and  marl 
lying  between  the  Upper  'and  Lower 
greensand.    See  p.  247. 

Geodes.  Bounded  stones,  and  which  some- 
times have  a  cavitjfr  within  lined  with 
crystals.  Also,  hollow  nodules  of  iron- 
stone. 

Geology.  The  science  relating  to  the 
origin,  formation,  and  structure  of  the 
earth.    See  p.  187. 

Glacier.  Haraened  masses  of  snow  of  im- 
mense aize,  found  in  Alpine  regions. 
See  p.  257. 

Glacis.    An  easy  slope. 

Gneiss.  One  of  the  stratified  primary 
rocks.    See  p.  214. 

Graminea,    Plants  of  the  grass  order. 

Granite.    An  igneous  rock,  probably  the 
earliest  in  formation  of  all  rocks,  and  the 
one  trom  which,  by  decomposition  and  • 
other  causes  of  change,  most,  if  not  all 
later  rocks  have  been  formed.  See  p.  213. 

Gh-auwaeke,  Grey  rock.  One  of  the  Primary 
or  Transition  strata.    See  p.  216. 

Greensand,  Strata  of  sand,  sandstone,  and 
limestone  belonging  to  the  Cretaceous, 
or  chalky  group.    See  p.  247. 

Greenstone,  A  trap  rock  consisting  of  fel- 
spar and  hornblende. 

Greywacke,  or  Grauwacke.  Some  of  the 
oldest  fossil-bearing  strata  ai*e  thus  called 
from  their  grey  colour.  The  name  comes 
from  the  German  miners. 

Grit.    Coarse-grained  hard  sandstone. 

Ghfmnospermous,  Plants  with  naked  seeds 
forming  one  of  the  five  great  botanical 
divisions. 
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Gypsum,  or  sulphate  of  lime.  A  mineral 
compoimd  of  lime  and  enilphuiic  acid. 

Chfrogonites.  Seed-vessels  of  fresh-water 
plants  of  the  genus  Chara. 

Meterocercal.  A  word  applied  to  those  fishes 
which  have,  like  the  shark,  the  tail 
divided  into  two  unequal  parts.  This  is 
a  distinguishing  feature  of  the  early 
fossil  fishes— all,  indeed,  below  tliemi^- 
nesian  limestone. 

Sorizonial  Strata,    See  p.  195. 

-  Sornblende.  'A  simple  mineral  entering 
largely  into  the  composition  of  several 
of  the  trap  rocks,  and  which  is  of  a  dark 
green  or  black  colour. 

Sornstone.  A  mineral  subftance  nearly 
resembling  flint. 

JE^dr ophites.    Aquatic  plants. 

£[ypogme  Mocks.  Bocni  formed  xmder — 
and  not  on — the  surface.  The  igneous 
belong  to  the  first  class,  the  sedimentary 
to  the  second. 

Icebergs.  Great  floating  masses  of  ice, 
found  in  the  polar  and  adjoining  seas. 

Ichnites,  Fossil  footsteps.  See  pp.  235, 
241. 

lehtyolite.  A  fi^  or  any  portion  of  a  fish 
in  a  fossil  state. 

Ichthyosaurus.  A  gigantic  fossil  lizard, 
partly  allied  to  fish,  inhabiting  the  seas 
in  early  geological  periods. 

Ignsous  Bocks  are  such  as  granite,  trap, 
and  Java,  which  are  supposed  to  have 
been^formed  by  the  action  of  heat,  which 
reduced  their  constituents  to  a  fluid  or 
viscous  substance.    See  p.  193. 

Incandescent.    White-hot. 

Inclined  Strata.    See  p.  195. 

Infusory  Animalcules.  Microscopic  crea- 
tures living  in  liquids,  or  infusions  of 
various  kinds. 

Inspissated.    Thickened. 

Invertebrated  Animals  are  sudi  as  have  no 
back-bone. 

Isothermal  Lines  are  lines  of  equal  heat, 
drawn  in  zones  or  divisions  round  the 
globe.  Thus,  if  we  begin  at  any  one 
place  with  a  certain  ctegree  of  mean 
annual  heat,  we  pass  on,  not  necessaiily 
in  direct  lines,  but  through  those  places 
that  we  know  by  experience  present  the 
same  mean  annual  temperature. 

Joints.  The  ^artiu  gs  in  roeko,  such  as  those 
which  divide  basaltic  m^nmns  into 
prisms,  &c. 

Jura  Limestone.  The  mountains  of  Jura, 
between  France  and  Switzerland,  are 
chiefly  composed  of  oolitic  limestones: 
hence  the  name  given  to  the  group. 

Keuper.  The  German  name  for  a  stratuin 
of  the  Upper  New  Sandstone. 


Kimmeridgc  Clay.  A  thick  bed  of  clay, 
found  at  Kimmeridge,  in  the  isle  of  Pur- 
beck,  Dorsetshire,  and  belonging  to  the 
Oolitic  group. 

Lacustrine,    ^longing  to  a  lake. 

Lagoons,  Creeks  and  pools  of  water  on 
the  sea-coast. 

Lamelliferous,  Having  a  structure  like 
that  of  thin  leaves  or  plates. 

Lamince.  Plates.  In  geology  this  ex- 
presses the  thin  layer  of  which  an  indi- 
vidual stratum  is  often  compoSMsd. 

Landslip.  Land  disturbed  by  an  earth- 
quake, or  by  the  undermining  of  its  base 
by  water,  and  which,  consequently,  sli^s 
or  falls  down  from  its  place. 

Lapidi/ieation.    The  conversion  into  stone. 

Lapih,    Small  cinders  from  volcanoes. 

Lw>a.  The  stone  thrown  in  a  fluid  state 
bjr  volcanoes. 

Lepidodendron.  Fossil  plants  of  the  coal 
measures,  occupying  a  position  between 
coniferous  plants  and  lycopodiums. 

Leucite.  A  white,  simple,  crystallized 
mineral,  found  in  volcanic  rocks. 

Lias.  The  provincial  name  for  a  clayey 
limestone,  and  adopted  by  geologiits  for 
the  group  of  the  Secondary  strata,  in 
which  it  IS  found.    See  p.  24i. 

Lignite.  Wood  converted  into  a  sort  of  coal. 

Life  on  the  Globe,  First  appearance  of, 
see  p.  217.  First  appear&nce  of  land 
animals^  see  p.  235. 

Lithodomt.  Aiiimals  belonging  to  the  mol- 
lusca,  which  lodge  in  holes  in  rocks,  that 
they  form  by  means'  of  some  chemical 
solvent. 

Lithoaenous  Bolypes.  Coral-forming  ani- 
mals. 

Lithographic  Stone.  A  limestone  of  slaty 
and  compact  texture,  yellowish  colour, 
and  fine  grain. 

Lithoidal.    Possessing  a  stony  structure. 

Lithological.    A  word  that  is  used  to  ex- 
press the  stony  character  of  any  mineral  • 
mass. 

Lithophagi.  Another  class  of  molluseons 
animals,  that  eat  out  holes  in  the  solid 
rock  for  their  residence. 

Lithophites.  The  animals  that  make  the 
stone-coral. 

Littoral.    Belonging  to  the  shore. 

Loam.    Sand  and  clay  mixed. 

Lophiodon.  Extinct  fossil  quadrupeds 
allied  to  the  tapir. 

Lycopodiums.  In  English  thejr  are  called 
Club  Mosses.  The  fossil  species  grew  to 
a  vast  size,  rivaling  that  of  modem 
pine-trees. 

Lydian  Stone.  A  flinty  slate,  allied  to 
homstene,  of  a  greyish-black  colon. 
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Macigno,     An  Italian  term  for  a  flinty 

landatone. 
Madrepore,     Corals  montljr  distinguiahed 

by  their  star-shaped  cavities. 
Magnesian  limestone,    A  {[roup  of  strata 
Ijring  above  the  coal  measures,  and  con- 
taining much  magnesia. 
Mammijera,     Animals  that  suckle  their 
young. 

Mammulary,    The  breast  or  pap. 

Mammoth,  An  extinct  species  of  the 
elephant. 

Marl.  Clay  and  lime  mingled.  When 
hard  it  is  called  indurated  marl. 

Marks  on  Bock  Surfaeea.    See  p.  257. 

Marsupial  Animals.  Quadrupeds  having 
a  bag  under  their  belly,  in  which  they 
carry  their  young. 

Mastodon.  Extinct  animals,  allied  to  the 
ele])hant. 

Matrix.  When  a  shell  or  simple  mineral 
remains  undetached  from  its  native  place 
it  is  said  to  be  in  its  matrix. 

Mechanical  Origin,  Rocks  of.  These  are  to 
be  distinguished  from  rocks  of  chemical 
origin.  Sand,  pebbles,  &c.,  belong  to  the 
former.  All  taoee  which  possess  a  crys- 
talline texture  belong  to  the  latter  kind. 

Medttsa.  Shell-less,  marine  animals, 
whose  organs  of  motion  spread  out  or 
radiate  like  the  snaky  hair  of  the  mytho- 
logical Medusa. 

Megahsaurus.  A  gigantic  fossil  animal 
resembling  the  lizard. 

Megatherium.  An  extinct  fossil  animal  of 
gigantic  size,  resembling  the  sloth. 

Metallization.    See  p.  200. 

Mesotype.  A  white,  needle-sh-iped,  simple 
mineral,  found  in  the  trap  rocks. 

Metamorphic  Mocks.  These  are  rocks  pre- 
sumed to  be  formed  by  sedimentary  de- 
posits, arising  from  the  decomposition  of 
the  igTieous  or  primary  rocks,  and  altered 
by  igneous  action. 

Mica.  A  bright,  silvery-looking,  simple 
mineral,  which  may  be  split  into  thin, 
elastic  scales.  It  is  these  scales  which 
look  so  brilliant  in  granite. 

Mica  Schistf  or  Mica  Slate,  One  of  the 
metamorphic  rocks.    See  p.  215. 

Miocene.  One  of  Sir  C.  Lyell's  divisions 
of  the  Tertiary  strata. 

Molasse.  A  soft,  green  sandstone,  largely 
developed  in  Switzerland,  in  connection 
with  the  Miocene  Tertiary  period. 

Mollusea.  Soft-bodied,  boneless  animals, 
such  as  shell-fish. 

Monad.  The  minutest  of  the  visible  ani- 
malculae,  supposed  by  some  naturalists 
to  be  the  elementary  molecules  of  organic 


Monitor.    An  animal  of  the  Uzazd  tribe. 

MonoeotyUdonout.  Beferring  to  plants 
having  only  a  single  seed-lobe,  or  coty- 
ledon. On  this  characteristic  is  founded 
one  of  the  great  divisions  of  the  vege- 
table world. 

Moraine.  The  d&fris,  or  broken-down 
fragments,  brought  into  valleys  by 
glaciers. 

Mountain  Limestone,  or  Carboniferous 
Limestone.  This  forms  a  series  of  strata 
lying  at  the  base,  and  farming  a  part  of 
the  coal  measures.    See  p.  225. 

Moya.    Mud  poured  out  from  volcanoes. 

Multilocula.  Many-chambered.  Referring 
to  shells,  like  the  ammonite,  &c. 

Muriate  of  Soda.  Common  salt,  which  is 
composed  of  muriatic  acid  and  soda. 

Musacea.  Tropical  plants  allied  to  the 
plantain. 

Muschelkalk,  meaning  shell  limestone. 
This  belongs  to  the  Upper  New  Eed 
Sandstone  group,  and  is  largely  deve- 
loped in  Germany,  whence  comes  the 
name. 

Naphtha.  A  thin  volatile  fluid  and  in- 
flammable mineral,  which  rises  from  the 
earth  in  springs,  and  chiefly  in  volcanic 
districts. 

New  Red  Sandstone.  One  of  the  groups  of 
the  Secondary  strata.    See  p.  239. 

Nodule.  An  irregularly  shaped,  but  gene- 
rally somewhat  roundish  lump. 

Nucleus  or  Kernel.  In  geology,  a  solid 
centre,  round  which  other  matter  has 
collected. 

Nummulites.  Extinct  molluscous  animals, 
of  a  thin,  lenticular  shape,  commonly 
divided  into  small  chambera. 
Obsidian.  A  kind  of  lava,  like  green 
bottle-glass,  almost  black  in  large  masses, 
but  semi-transparent  in  thin  pieces. 
Pummice-stone  is  a  peculiar  form  of 
obsidian,  and  produced,  it  is  supposed, 
by  the  expansion  of  steam,  when  water 
had  access  to  the  heated  and  melted  stone. 
Ochre.  An  earth  mixed  with  oxide  of  iron, 
forming  together  a  yellow,  powdery  sub- 
stance. 

gyaian  Deluge.     A  traditional  deluge, 
which  is  supposed  to  have  happened  in 
the   year  1764   b.c.,   in  the   reign  of 
Ogyges,  in  Attica. 
Old  Red  Sandstone  or  Devonian.    A  group 
of  strata  largely  developed  in  Devon- 
shire, and  which  occurs  immediately  be- 
low the  Carboniferous  group.  See  p.  221. 
Olipoelase,    A  felspar  mineral. 
Olivine.     A  simple  mineral,  semi-trans- 
parent, and  olive-coloured,  occurring  in 
grains  and  crystals  in  the  trap  rocks. 
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Oolite,    A  limestone  composed  of  particles 

shaped  like  the  egg  or  roe  of  fish,  and 

which  gives  name  to  one  of  the  groups  of 

the  Secondary  stratft.    See  p.  243. 
Opalized  Wood.  Wood  which  has  acmiired, 

by  petrifaction,  a  structure  similar  to 

that  of  the  simple  mineral,  opal. 
Ophidious  Reptiles,    Yertobrated  animals, 

suoh  as  the  serpent. 
Organic  Remains,    The  petrified  or  fossil 

remains  of  plants  or  vegetables. 
Origin  of  the  World,  See  p.  187. 
Orthoeerata,    Extinct  molluscous  animals, 

living  in  a  long-chambered,  conical  shell, 

like  a  straight  horn. 
Oryctology,    Ileasoningor  discussing  upon 

things   dug   up — another   and  inferior 

term  for  fossil  remains. 
Osseous  Breccia,  Fra^entsof  stone  found 

cemented  together  in  caverns,  &c. 
Ossiferous  Caverns.    See  p.  269. 
Osteology.    The  part  of  anatomy  that  treats 

of  the  bones. 
Out'liers,    Portions  of  a  stratum  lying  at 

some  distance  from  the  parent  mass. 
Ovate,    Egg-shaped. 
Ovipositing.    Egg-laying. 
Overlying  Strata.    See  p.  195.^ 
Oxide,    Oxygen  in  comoination  with  some 

metal,  the  name  of  which  is,  of  course, 

usually  added. 
Oxygen.    A  constituent  part  of  the  atmo- 
sphere, and  the  one  that  is  essentially 

the  vital  part. 
I*aehydertnata,     Quadrupeds   with  thick 

skins,  such  as  the  elepblant,  horse,  &c. 
Palaeontology.  The  science  relating  to  fossil 
.    remains. 
JPalaotherium.  An  extinct  fossil  quadruped 

resembling  a  gigantic  pig. 
Pelagian.    Kelating  to  the  deep  sea. 
Feperino,    A  volcanic  rock,  formed  by  the 

cementing  together  of  cinders,  sand,  or 

scorisB. 
Peroxide  of  Iron.    When  oxide  of  iron,  or 

rust,  has  absorbed  as  much  oxygen  as  it 

is  capable  of,  the  prodjjct  is  peroxide  of 

iron. 
Fetrifaction,     The  changing  into  stohe. 

See  p.  199. 
Fiftrolfium.    A  liquid  mineral  piteh,  which 

oozes,  like  oil,  from  out  of  the  rocks 

where  it  is  found. 
ThUgrcean  Fields^  or  The  Burnt  Fields, 

The  name  given  by  the  Greeks  to  the 

country  round  Naples,  on  account  of  the 

igneous  action  everjrwhere  traceable. 
Fisolite,    A  stone,  which  looks  in  structure 

like  an  agglutination  of  peas. 
Fit  Goal,     The  common  coal  we^  bum, 

whieh  is  obtained  by  digging  in  pits. 


Fitchstone,  A  rock  with  an  unctuous  ap- 
pearance and  uniform  texture,  belonging 
to  the  igneous  rocks. 

Flaeoids,  An  order  of  fishes,  i!0vered 
irregularly  with  plates  of  enamel.  It 
comprehends  all  tne  cartilaginous  fishes, 
such  as  the  shark,  with  the  exception  of 
the  sturgeon. 

Plastic  Clav.  The  clay  used  for  pottery, 
and  which  forms  one  of  the  beds  of  the 
Eocene  Tertiary  period.  The  name  is 
applied  to  a  group  of  sands  and  clay. 

Flestosaurus,  An  extinct  fossil  animal  of 
amphibious  habits,  resembling  the  croco- 
dile. 

Pliocene.  Older  and  Newer.  SirC.  Lyell's 
names  for  those  two  divisions  of  the  Ter- 
tiary period  which  are  the  most  modem. 

Plutonic  Action,  The  action  of  volcanic 
heat  and  other  subterranean  agencies 
under  pressure. 

Plutonic  Rocks,  Granite,  porphyry,  and 
the  other  igneous  rocks,  which  are  sup- 
posed to  have  been  solidified  from  a 
melted  stete. 

Polyparia,    A  class  of  the  coral  family. 

Porphyry,  One  of  the  igneous  or  Plutonic 
rocks. 

PortlandBeds — PortlandLimestone,  lime- 
stone strata,  of  the  Oolitic  group,  found 
chiefly  in  me  isle  of  Portlajid,  on  the 
Dorset  coast. 

Pozzuolana.  Volcanic  ashes,  similar  in 
nature  to  Boman  cement,  and  used  in 
Italy  for  mortar. 

Pkimaby  Bocks.    See  p.  212. 

Producta,  Extinct  fossil,  two-valved 
shells,  found  in  the  older  Secondary 
rocks. 

Pterodactyl,  A  flying  reptile,  found  in  the 
oolite  and  muschelkalk. 

Pudding-stone,    Same  as  conglomerate. 

Pulvertze.    To  reduce  to  powder. 

Pumice,    See  Obsidian, 

Purbech  Limestone  and  Purbeck  Beds, 
Limestone  strata  of  the  Wealden  group. 

Pyrites,  Iron,  A  compound  of  sulphur 
and  iron,  occurring  m  rocks  of  almost 
all  kinds  and  periods.  Its  appearance  is 
that  of  yellow  shining  crystals  like 
brass. 

Pyrometer,  An  instrument  for  the  measure- 
ment of  heat. 

Qmdrumana,  Four-handed.  The  order  of 
animals  to  which  apes  belong. 

Qua-qua-versal  Dip,  The  inclination  or 
dip  of  beds  from  a  centre  to  all  parts  of 
the  compass. 

Quartz,  A  simple  mineral,  consisting  of 
pure  silex. 

Rain'droptofrmoUirw^  ^^^,1Aa»* 
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Bed  Marl.  A  nams  for  the  New  Bed  Sand- 
ftUmo. 

Sock,  and  £ock  Claanfieatum.  Seep.  193. 

Book  Salt.  Common  salt,  found  in  vast 
beds  in  different  formations,  as  in  the 
Kew  Bed  Sandstone  of  Cheshire. 

MubUe,  The  fragments  of  stone^  Inroken 
off  or  worn  away  from  a  mass,  are  called 
tiins  by  the  quarry  men. 

Buminantia.  Animals  such  as  the  oz  and 
deer,  whioh  chew  the  end. 

Saeehmroid.  Stone  with,  a  texture  resem- 
bling that  of  loaf 'Sugar. 

Salt    See  p.  240. 

Salt  Springs,  Springs  of  water  impreg- 
nated wim  common  salt. 

Sandstone.  Anr  stone  composed  of  grains 
of  sand,  whether  the  latter  be  of  limy, 
flinty,  or  other  mineral  character. 

Saurians.    Animals  of  the  lizard  tribe. 

Saxieavom,    Hollowing  out  stone. 

Schist,  Generally  meaning  date.  But 
there  is  a  difference  between  a  schistose 
and  slaty  structure.  Gneiss,  mica  schist, 
and  other  of  the  jnimary  rocks,  cannot 
be  split  into  an  indefinite  number  of 
parallel  plates,  or  leayes,  like  true 
slates. 

SeoruB.    Volcanic  cinders. 

Seams.  Thin  layers  separating  strata  of 
greater  magnitude. 

Secwndaby  STRATi^.    See  p.  221. 

Secretion.  Animals  and  vegetables  are  able 
to  secrete,  that  is,  separate,  or  draw  out 
from  the  substances  that  nourish  them, 
peculiar  products.  Bile  is  a  human  se- 
cretion ;  coral,  a  secretion  of  certain  ani- 
malculffi ;  gum,  a  vegetable  secretion. 

Secular  Refrigeration.  The  periodical 
cooling  and  consolidatien  of  the  globe. 

Sedimentary  Mocks.  Those  formed  from  the 
deposit  of  their  materials,  as  sediments 
from  water. 

Selenite.  Gypsum,  or  sulphate  of  lime,  a 
simple  crystallized  mineral. 

Septaria,  Btone  balls  of  a  flat  shape,  con- 
sisting generally  of  ironstone,  which, 
when  broken,  are  found  to  be  separated 
in  the  interior  into  irregular  masses. 

Serpentine,  A  rock  presenting  the  aspect 
of  a  serpent's  skin,  and  usually  containing 
much  magnesia. 

Shale.    Hardened  slaty  clay. 

Shell  Marl.  Clay,  peat,  and  other  sub- 
stances mixed  with  shells,  deposited  at 
the  bottom  of  lakes. 

Shingle,  The  loose,  water-worn  gravel  and 
stones  on  the  sea-shore. 

SUeXj  or  Silica.  One  of  the  pure  earths. 
Flint  is  wholly  composed  of  this. 

SilieaU,    A  ehemioal  sompoqnd  ef  siliea 


with  some  other  substanoe,  such  as  iron, 
making  silicate  of  iron. 

SiU,  Finely  comminuted  (or  ^Bvided) 
sand,  riay,  and  earth,  transported  by 
running  waters. 

Silurian  formation.  A  group  of  calcareous 
and  clayey  beds,  occurring  between  the 
Grauwacke  and  Old  Bed  Sandstone.  See 
jp.  216. 

Simple  Minerals.  These  words,  which 
occur  frequently  in  eur  glossary^  are 
used  to  distisgnish  individual  mineral 
bodies  from  rocks,  which  are  composed 
usoally  of  an  aggregate  of  the  same 
bodies.  They  are  not  simple,  that  is  to 
say,  unoompounded,  in  the  chemical 
sense,  fw  they  can  be  analyzed  into 
various  substances. 

Sinter,  A  rock  dropped  or  precipAated 
from  mineral  waters. 

Slate,    See  Schist,  also  Cleavage, 

sup.    A  lesser'*  fault."    Seep.  195. 

Solfaterra.  A  yolcanic  rent,  emitting 
various  gases  and  vapours,  sulphurous 
acid,  &c. 

Sporules.  The  seed  or  reproductory  oor- 
puscules  (minute  bodies)  of  oryptogamio 
plants. 

Stalactite  and  Stalagmite,  Stalactites  are 
long  reds  of  stone,  like  icicles,  hanging 
from  a  roof,  and  are  produced  by  the 
deposit  of  the  lime  contained  in  the 
dropping  water.  Stalagmite  is  the  crust 
formed  on  the  floor  by  the  dropping  of 
the  same  kind  of  water,  the  Ume  being 
there  deposited,  and  the  w;ater  passing 
away  by  evaporation. 

Steppes.  Vast  plains  in  Northern  Asia, 
analogous  to  the  prairies  of  North 
America  and  the  pampas  of  South 
America. 

StUHte,  A  simple  mineral,  crystallized, 
usually  white,  and  found  in  the  trap 
rocks. 

Strata^  Stratified,  Stratification,  A  stra- 
tum means  matter  strewed  out  by  the 
motion  of  watv  or  of  wind.  Geology 
shows  us  that  a  vast  number  of  individmu. 
strata  have  been  thus  formed  one  above 
another  at  very  different  periods,  and 
under  very  different  circumstances ;.  from 
the  study  of  these  results  all  we  know  of 
the  science.    See  p.  191. 

Strata,  BiunsH,  Tabulab  vibw  op,  p.2(H[ . 

Strike.  The  line  of  bearing,  or  direction 
of  strata,  wMoh  is  at  right  angles  to  their 
prevailing  dip. 

Stufas.  Jets  of  steam,  often  above  the 
boiling  point,  issuing  firom  ekfts  in  the 
gpeund  of  volcanic  dutricts. 

Sv^'Apmmm.    Low  kiU»  lyisg  at  the 
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base  of  the  hills  usuall}^  known  as  the 
Apennines.  The  word  is  also  used  in 
connection  with  a  series  of  jitrata  of  the 
Older  Miocene  period. 

Bub-  Orystalline.    Imperfectly  oryitallized . 

Sulphur,  or  Brimstone,  A  yellow  mineral, 
found  chiefly  in  volcanic  districts. 

Syenite.  A  sort  of  granite,  brought  from 
Syene,  in  Egypt. 

Synelinal.  Bending  or  inclining  towards  a 
common  oentre,  as  the  sides  oi  a  basin 
towards  the  bottom. 

Talus.  Pieces  of  rock  broken  off  from  the 
steep  face  of  the  parent  mass,  and  heaped 
together  at  the  foot  in  a  sloping  form. 

Tarsi.  Insects*  feet,  articulated,  and 
formed  of  not  more  than  fiye  joints. 

Tbbtiaby  Strata..    See  p.  251. 

Testacea,  Molluscous  animals,  such  as 
oysters,  &c.,  having  a  shell. 

Thermal.    Hot. 

Thermo- Electricity.  Electricity  developed 
by  heat. 

Thtn-Out.  If  a  stratum  grows  thinner  in 
any  direction,  so  that  at  last  the  two 
surfaces  meet,  and  disappear  in  each 
other,  it  is  said  to  thin- out. 

TraehAfte.  One  of  the  trap  rocks.  It  is  a 
variety  of  lava,  consisting  chiefly  of 
glassy  felspar,  and  sometimes  oontaining 
hornblende  and  aus;ite.  In  structure  it 
is  like  porphyry,  through  the  presence 
of  detacned  crystals  of  felspar. 

Theroid  Animals.  From  therion,  wild 
beast.  Applied  with  a  prefix  to  extinct 
fossil  animals,  whose  habits  are  not  yet 
satisfactorily  discovered,  as  the  Mega- 
therium, great  wild  beast,  and  so  on. 

Trap  Bocks.  These  are  of  volcanic  origin, 
and  consist  mainly  of  felspar,  augite,  and 
hornblende,  which,  mingling  in  various 
forms  and  proportions,  give  basalt,  green- 
stone, amygdaloid,  dolerite,  &c.  cJee  p. 
224. 

Travertin.  A  white,  hard,  concretionary, 
and  semi- crystalline  limestone,  deposited 
from  springs. 

Tripoli.  A  powder,  composed  of  the  flinty 
coverings  of  Infusoria,  imported  from 

.  Tripoli,  and  used  for  polisning  stones 
and  metals. 

Troj^al  Climate  in  England.    See  p.  233. 

Tufa,  Calcareous.  A  rock  of  a  porous 
nature,  deposited  from  water  containing 
lime  on  its  exposure  to  the  air.  Eemains 
of  plants  and  other  organic  substances 
incrusted  with  lime  are  usually  found 
in  tufa. 

Turbinated.  Spiral,  or  screw-shaped  shells. 


Tufa,  Volcanic.  A  volcanic,  earthy  rock, 
composed  of  a  mingling  of  fragments  ox 
sconss  and  other  loose  materials. 

Turrilite.  Extinct  chambered  shells,  allied 
to  the  Ammonites. 

Unconformable  Strata.  Seep.  197,  and alBo 
Cof^ormable. 

Vnoxtdized,  Unoxidated,  Not  combined 
with  oxygen. 

Valleys  01  erosion  are  formed  bythe  de- 
nu(ung power  of  water;  flat  valleys,  by 
the  siitmg  or  earthing  up  of  chaiins  of 
lakes ;  vaUejrs  of  depression,  by  subter- 
ranean sinkings;  and  there  are  also 
valleys  formed  by  the  rents  and  cracks 
resulting  from  earthquakes. 

Veins,  Mineral.  Fissures  in  rocks  filled 
up  by  substances  different  from  the  rocks 
themselves.    See  p.  195. 

Vertebrated  Animals,  Those  having  s 
back-bone,  as  men,  and  all  the  higher 
animals.  One  of  the  great  zoological 
divisions  is  founded  upon  this  character- 
istic. 

Vertical  Strata.    See  p.  196. 

Vesicle.    A  little  cell  or  bladder. 

Vitrification,  Conversion  by  heat'  into 
glass. 

Volcano,  The  thing  needs  no  description 
here.  The  word  comes  from  Vulcan,  the 
Fire-god  of  mythology^ 

Volcanic  Bombs,  Masses  of  melted  lavB 
ejected  from  volcanoes,  and  which,  as 
they  fall,  take  M>ear  or  bomb  shape. 

Volcanic  Foci.  The  subterranean  points 
or  centres  of  volcanoes,  where  the  foroes 
are  supposed  to  exist  in  the  greatest  in- 
tensity. 

Wacke.  A  soft  and  earthy  variety  of  basalt. 

Warp.  The  deposit  from  muddy  waters, 
directed  by  artificial  means  upon  low 
lands. 

Wealden  Clay.  A  group  of  strata  belonging 
to  the  Oolitic  system.    See  p.  244. 

Zechstein,  Mine-stone.  Containing  copper 
ore. 

Zeolite.  A  family  of  simple  minerals, 
usually  found  in  the  trap  rocks.  This 
includes  Analcine,  Mesotype,  Stilbite, 
&c.  When  exposed  to  the  blowpipe 
they  boU  up,  as  it  were ;  hence  the  name 
(from  the  Greek,  to  boil,  and  stone). 

Zoophytes.  These  include  corals,  sponges, 
and  other  allied  aquatic  animals.  They 
are  called  Zoophytes,  or  animal  plants, 
because  they  possess  some  of  the  charac- 
teristics of  the  life  of  the  first,  with  the 
forms  and  fixed  homes  in  the  ground  of 
the  second. 
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In  brix^paig  our  geological  treatise  to  a  close,  we  would  observe  that  the 
latest  series  of  geologic  changes  has  been  the  rise  of  the  land  ont  of  that  deep 
immersion  in  me  sea  which  the  superficial  formation  evidences.  We  have 
dear  proof  that  this  emergence  was  not  sudden  and  complete,  but  slow,  and 
by  a  series  of  movements.  This  proof  lies  in  the  existence  of  ancient  beaches 
at  various  elevations  above  the  present  shore.  We  generally  detect  such  an 
object  by  its  levelness  along  some  considerable  tract,  and  by  the  indentation 
of  rocks,  or  the  deposit  of  sands  and  gravels,  mingled  as  these  occasionally 
are  with  deposits  of  shells.  AU  our  valleys  exhibit  such  terraces  more  or 
less  conspicuously,  proving  that  they  were  at  one  time  the  beds  of  estuaries. 

Of  man  himself  no  remains  have  been  found,  save  in  the  most  recent  and 
superficial  deposits — as  alluvial  mud,  calcareous  breccia,  volcanic  tufa,  and 
the  like — ^thus  proving  him  to  be  one  of  the  latest,  if  not  the  very  latest,  in- 
habitant of  this  globe. 

The  history  of  the  earth  thus  presents  a  long  series  of  mineral  and  vital 
gradations,  as  yet  but  imperfectly  interpreted  by  geology.  The  stratified 
formations,  from  the  gneiss  to  the  existing  surface,  bear  evidence  of  these 
^»dations,  both  in  their  composition  and  modes  of  aggregation ;  so  also  do 
the  unstratified  rocks — ^the  granitic,  trappean,  and  volcanic  compounds — ^by 
the  order  in  which  they  succeed  each  other.  We  see  in  these  successive  for- 
mations the  fragments,  as  it  were,  of  a  history  of  organic  being.  We  look 
in  upon  it,  it  may  be  said,  from  tune  to  time,  find  that  many  cnanges  have 
taken  place  in  the  intervals,  yet  always  see  a  connection  between  the  present 
and  past,  assuring  us  that  the  whole  is  essentially  connected.  We  see, 
too,  mat  a  steady  progress  has  been  maintained  all  through,  from  inverte- 
brate to  vertebrate  forms,  from  the  fish  to  the  reptile,  and  from  the  reptile 
to  the  warm-blooded  animal;  man  finally  coming  upon  the  scene  as  a  crown- 
ing work.  It  is  a  most  interesting  and  elevatmg  study,  never  failing, 
we  believe,  in  well-ordered  minds,  to  exalt  our  conception  of  tiie  Divine 
power  and  excellence. 


[end  of  geology.] 
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INTROBTJCTORY  CHAPTEK. 

**  Look  on  Ho  frame 
Of  this  wide  uniyene,  and  therein  read 
The  endless  kind  of  creatures,  which  by  name 
Thou  canst  not  count."— Spexseb. 

ZooLOGi  is  derived  from  two  Greek  words,  and  means  a  knowledge  of 
animals.  It  teaches  their  structure,  habits,  and  classi£oation :  the  person  by 
whom  such  knowledge  has  been  acquired  is  a  zoolofftst. 

To  what  kind  of  creatures  the  term  ''  animal "  is  applicable  bas  now  to  be 
considered.  A  party  of  children,  when  discussing  it  in  my  hearing,  settled^ 
in  the  ^i&t  instance,  that  cows,  dogs,  horses,  and  allfour-moted  beasts  were 
animal  a ;  then  that  geese,  turkeys,  and  birds  of  all  kinds  were  likewise 
animals.  To  this  there  was  one  dissenting  voice— ^one  little  fellow  stofuily 
maintaining  that  the  lar^e  birds  were  animals,  but  that  the  little  birds  were 
not.  He  was  rebuked,  however ;  and  the  party  next  proceeded  to  enrol 
£Bhes  in  their  list  of  animals^  which  was  unanimously  agreed!  to.  A 
difference  of  opinion  existed  as  to  whether  frogs  and  snakes  should  be 
included ;  but  this  was  finally  done.  I  ventured  to  ask  if  a  snail,  a  spider, 
and  a  star-fish  might  not  also  be  honoured  with  a  place  in  the  list  of  animals ; 
but  the  judges,  one  and  all,  pronounced  the  decision  of  the  court,  as  if  by 
one  impulse,  and  all  speaking  at  the  same  time — '^Ko,  no;  such  creatures 
are  not  animals  at  all. ' 

The  naturalist  does  not,  however,  use  the  term  "  animal "  in  so  restricted 
a  sense  ;  he  includes  in  it  all  organized  existences  whidi  do  not  belong  to 
the  vegetable  tribes ;  and,  beginnmg  witb  those  which  are  so  minute  as  to 
be  unseen,  save  by  the  assistance  of  the  microscope,  rises  through  the  various 
tribes  of  animals,  imtil  he  attains  to  man  himself. 

It  is  worthy  of  remark,  however,  that  the  beings  which  the  children 
agreed  to  place  together  do,  in  reality,  constitute  the  group  to  which  the 
highest  rank  is  assigned.  They  are  distinguished  by  one  very  obvious 
characteristic — they  have  a  skull  and  back-bone.  The  oack-bone,  as  every 
one  knows,  is  composed  of  joints,  or  vertebrae  ;  henee  all  animals  possessing 
these  are  called  vertebrate ;  and,  of  course,  those  in  which  the  skuU  and 
back-bone  are  wantiD^  are  called  invertebrate. 

According  to  Agassiz,*  the  number  of  vertebrate  animals  may  be  estimated 
at  20,000 ;  and  the  entire  number  of  species  of  all  the  animal»  now  living  at 
250,000.    At  first  sight  it  seemg  a  hopeless^task  for  man  to  attain  to  any 

•  Agflwi<  and  Gcmld,  «  Princqilc*  of  Zoology."  ^ 
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knowledge  of  such  a  mnltitade,  and  this  feeling  is  increased  if  we  torn  our 
attention  to  species  now  extinct,  but  whose  remains  are  known  to  ns  in  a 
fossil  state.  Supposing  that  the  entire  number  of  fossil  species  only  equalled 
those  which  are  now  living,  we  have  altogether,  at  what  Agassiz  considers 
a  very  moderate  computation,  half  a  million  of  species. 

But  though  one  man  could  of  himself  do  little,  the  combined  exertions  of 
many  labourers,  working  at  the  same  time  in  yarious  countries,  may  do 
much.  And  as  each  generation  transmits,  by  means  of  books,  the  knowled^ 
it  has  acquired,  each  successiye  generation  starts  on  its  researches  from  tne 
yantage  ground  gained  by  the  labours  of  its  predecessors. 

It  is  obyious,  howeyer,  that  in  order  that  men  may  be  enabled  to  preserve 
and  disseminate  their  knowledge,  the  entire  animal  kingdom  must  be 
diyided  into  proyinces,  well  defined  and  properly  named ;  and  as  each  pro- 
yince  in  a  country  is  subdiyided  into  counties,  baronies,  parishes,  and  town- 
lands,  so  each  in  the  animal  kingdom  is  parcelled  out  into  smaller  diyisions 
according  to  established  rules,  and  known  by  distinctiye  appellations. 

How  is  this  to  be  accomplished  P  If  we  turn  to  the  yertebrate  animals, 
we  might  say  that  beasts  walk  on  the  ground,  birds  fly  in  the  air,  fishes 
swim  in  -flie  sea ;  and  this  would  be  jquite  true,  and  in  a  popular  and  general 
sense  ^uite  correct.  But  it  is  not  sufficiently  precise  and  definite  for  the 
zoologist.  He  asks.  Is  the  bat  to  be  classed  as  a  bird,  because  it  flies  in  the 
air  ?    Is  the  whale  to  be  regarded  as  a  fish,  because  it  swims  in  the  sea  ? 

Questions  such  as  these  may  be  discussed  with  great  adyantage,  and  with 
manifest  pleasure,  by  a  class  of  learners  who  are  under  the  management  of 
a  judicious  and  weU-informed  teacher.  By  queries  addressed  to  each  in 
succession,  he  engages  them  all  in  the  inquiry ;  elicits  whatever  information 
they  possess ;  makes  each  feel  as  if  he  himself  was  engaged  in  solving  a 
problem  of  considerable  interest ;  and  when  he  has  led  them  to  the  yery 
boundaries  of  their  knowledge,  should  they  be  still  tmable  to  expound  the 
point  in  question,  they  are  ahye  to  its  importance,  and  prepared  to  receive 
such  information  as  he  may  think  fit  to  impart.  His  words  then  fall  like 
seed  upon  good  soU,  and  bear  fruit  abundantly. 

I  weU  remember  the  liyely  interest  excited  in  a  class  of  intelligent  girls 
by  the  discussion  of  the  question,  if  a  bat,  because  it  could  fly  in  the  air, 
should  be  considered  a  bird  ?  The  answers  went  to  show  that  there  were 
important  points  of  difference  between  them.  The  bird  was  coyered  witii 
feathers — ^ttie  bat  with  far ;  the  bird  had  a  'homy  beak — ^the  bat,  a  mouth 
with  teeth  of  a  peculiar  form ;  and  finally,  the  young  bird  was  hatohed  from 
an  egg — tihe  young  bat,  on  the  contrary,  was  bom  afiye,  and  suckled  by  the 
parent. 

On  one  occasion  the  question,  if  the  whale  was  a  fish,  was  discussed  at 
greater  length  by  counsel  learned  in  the  law,  and  before  a  judge  and  jury. 
In  New  York,  many  years  ago,  a  dealer  in  oil  refused  permission  to  a 
goyemment  inspector  of  fish  oil  to  examine  his  stock,  allegmg  that  he  had 
no  oil  in  his  store  but  whale  oil ;  and  as  the  whale  was  not  a  fish,  the  officer 
had  no  business  with  it,  nor  was  it  liable  to  any  duty  as  fish  oil.  The 
goyemment,  howeyer,  did  not  admit  the  plea,  and  the  point  came  before  a 
legal  tribunal  for  decision.  On  behalf  of  the  goyemment  it  was  argued  that 
the  whale  was  always  spoken  of  as  a  fish  by  those  engaged  in  the  fishery,  a 
fact  which  was  implied  in  the  yery  term,  "  whale  fishery ;"  that  in  Natural 
History  books  of  nigh  authority,  of  which  a  great  pile  was  product  in 
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evidence,  the  wliale  was  classed  among  iishes ;  and  that  whale  oil  had  always 
been  regarded  as  fish  oil,  and  had  been  uniformly  charged  with  duty  as  suoxi. 
Counsel  on  the  other  side  contended  that  the  language  of  uneducated  sea- 
men should  not  be  regarded  as  evidence,  and  that  the  classification  in  old 
books  of  Natural  History,  to  which  reference  had  been  made,  was  founded 
on  a  very  imperfect  knowledge  of  the  structure  of  the  animals  so  arranged ; 
but  that  if  ancient  records  were  to  be  referred  to,  he  would  go  to  one  more 
ancient  than  any  other — ^he  would  go  to  the  Mosaic  record  of  the  creation 
itself,  and  would  show  that  whales  even  there  were  mentioned  distinct  from 
fishes;  for  we  read  that  "God  created  great  whales,  and  everjr  living 
creature  that  moveth,  which  the  waters  brought  forth  abundantly  alter  their 
kind."  The  points  of  difference  between  whales  and  fishes  were,  he  insisted, 
numerous,  striking,  and  sufiicient  to  render  it  needful  to  place  creatures  so 
essentially  dissimuar  in  different  classes.*  The  fish  breathes  by  gills,  the 
whale  by  lungs ;  the  blood  of  the  fish  is  cold ;  that  of  the  whale  is  warm; 
the  heart  of  the  fish  has  two  compartments,  that  of  the  whale  has  four ;  the 
young  of  the  fish  is  produced  from  spawn,  that  of  the  whale  is  bom  alive,  and 
IS  suckled  and  tended  by  the  mother  with  the  most  affectionate  solicitude. 
Notwithstanding  these  arguments — ^which,  so  far  as  the  Natural  History 
question  is  concerned,  are  quite  conclusive — ^the  jury,  after  the  trial  had 
continued  for  three  days,  returned  a  verdict  to  the  effect  that  the  whale  oil 
should  be  regarded  as  fish  oil.  There  can  be  no  doubt  that  such  was  the 
intention  of  the  Act ;  the  legislature,  the  very  next  session  of  CJongress, 
amended  the  wording  of  it,  in  order  that  all  ambiguity  might  for  the  future 
be  avoided. 

It  is  obvious,  from  these  two  examples,  that  the  structure  of  the  animal 
frame  must  form  the  only  sure  basis  for  our  classification.  That  structure 
is  adapted  with  the  most  consummate  wisdom  to  the  medium,  whether  air 
or  water,  which  the  animal  is  to  inhabit,  and  to  the  conditions  under  which 
it  is  to  live ;  and  just  in  proportion  as  our  knowledge  is  accurate  with 
regard  to  each  particular  species,  and  comprehensiye  as  regards  its  affinities 
to  others,  so  will  our  classification  be  good  or  otherwise. 

The  principle  just  laid  down  is  applicable  to  the  whole  animal  creation. 
This  has  been  spoken  of  as  consisting  of  vertebrate  and  of  invertebrate 
animals.  To  the  genius  of  Cuvie^,  however,  .we  are  indebted  for  our  first 
knowledge  of  the  fact,  that  there  exist  differences  among  the  invertebrate 
animals  so  great  as  to  justi^  their  division  into  t&ee  great  groups, 
according  to  peculiarities  in  their  nervous  system.  We  are  thus  enabled  to 
divide  the  entire  animal  kingdom  into  four  great  groups,  or  sub-kingdoms : — 

L  YxBTEBBATED  animals,  or  Vertebrata. 

Invebtebbate. 

n.  Soffcf-bodied  animals,  or  MoUusca, 
III.  Articulated  animals,  or  Articulata, 
lY.  Radiated  animals,  or  JRadiata, 

We  shall  begin  with  the  examination  of  those  whose  organization  is  tlie 
most  simple,  and  gradually  ascend  to  those  in  which  it  is  the  most  complex. 
The  radiated  auimjalSy  therefore^  have  the  first  claim  on  our  attention^  v^ 
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in  the  next  oliapter  you  will  find  I  shall  introduceyou  to  gome  members, 
of  this  very  ancient,  ^  thongli  unseen  fraternity.  You  may  not,  perhaps, 
have  far  to  ^o  for  the  introduction.  More  viewless  than  the  gnost  of  Hamlet's 
iSither,  you  see  them  not,  yet  they  are  in  multitudes  around  you.  Some 
may  even  have  done  you  the  favour  of  selecting  your  bodily  frame  as  their 
habitation,  and,  free  alike  from  rent  and  taxes,  laugh  to  soom  all  attempts- 
to  serve  them  with  "  notice  to  ^uit." 


CHAPTEE  n. 


£iniA.TKD   AKIMALS. 


**  Think  not  that  anythhig  hb  hath  voneluafed  to  create  is  unworthy  thy  cognizance, 
t»  be  slighted  by  thee.  It  ii  pride  and  arrogance,  or  ignorance  and  fblly,  in  thee  so  to 
think."— Bay. 

I  HiLVE  placed  at  the  beginning  of  this 
chapter  the  figure  of  a  common  stax-fish, 
or  **  five-fingers."  The  limbs  or  arms 
are  arranged  like  rays  proceeding  from 
a  centre,  and  from  tnis  circumstance  it 
is  termed  a  "rayed,"  or  "radiated 
animaL"  All  witii  this  rayed  appear- 
ance have,  of  course,  the  same  appella- 
tion, and,  along  with  others,  constitute 
the  class  Eadiata. 

The  rayed  appearance  is  not,  how- 
ever, so  obvious  in  many  of  these 
animals  as  in  the  star -fish.  In  the  Sea 
Urchin  we  find  it  in  the  arrangement 
of  certain  parts  of  the  covering,  though 
not  In  the  outline  of  the  body.  We  can 
^^f*»  !•  trace  it  in  the  bodies  of  the  common 

elly-fishes,  and  in  the  parts  surrounding  the  mouths  of  some  of  the  Polypes. 
But  there  we  are  obliged  to  stop;  we  can  follow  it  no  further.  In  like 
manner  the  nervous  system,  so  far  as  it  has  been  traced,  presents  a  radiated 
arrangement. .  But  here  also  the  clue  which  has  guided  our  path  for  a  certain 
distance  eludes  our  grasp,  and  we  meet  animals  in  which  no  nervous  system 
has  as  yet  been  discovered.  The  consequence  is,  that  certain  tribes  have 
been  placed  in  this  division,  simply  because  zoologists,  in  the  present  state 
of  their  knowledge,  knew  not  where  else  they  could  be  placed.  * 

"With  more  careful  and  extended  research,  some  of  the  evils  of  this  course 
have  become  apparent.  It  has  been  found  that  germs  of  aquatic  plants, 
which  in  their  young  state  have  the  power  of  moving  about,  have  been 
diassed  as  animalcules.  Other  vegetable  productions  the  botanist  has  daimed 
fis  belonging  to  hi»  dominion,  and  transferr^  them  accordingly  from  the 
nimal  kingdom ;  aod  jsoologists  o£  reputa.^^  •»wstt  thjait  there  are  now 
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amon^  the  radiate  animals  some  that  ought  to  haye  a  higher  rank,  and, 
should,  if  justice  were  done  to  their  merits,  be  promoted  to  the  class  Artioulata, 
and  some  even  to  the  MoUusoa.  In  fact,  the  assemblage  is,  in  many  respects, 
a  motley  one ;  insomuch  that  a  respectable  star-fish  of  an  established  posi-^' 
tion  in  societ^,  and  wishing  to  keep  Ms  distance  from  equivocal  companions, 
might  be  incHned  to  say,  Ime  Sir  John  Falstaff,  '^  111  not  march  through 
CoYentry  with  them,  tliaf  s  ilat." 

I  must,  however,  keep  to  our  present  classification  until  a  more  perfect  be 
established,  taking  care  to  indicate  the  points  where  the  progress  of  soieiioe, 
during  the  last  few  ^ears,  has  suggested  the  idea  of  change.  In  this  wav 
the  reader  may  consider  that  "  coming  events  cast  their  Siadows  before,'* 
and  that  the  best  arrangement  that  can  now  be  given  should  be  regarded  as 
provisional,  not  permanent.  With  this  explanation  we  will  now  enter  on 
the  consideration  of  the  Radiated  animals.  They  are  divided  into  foja 
classes,*  viz.  :— 

Infusoria,  or  Infusory  Animalcules. 

Entozoa,  or  Internal  Parasites. 

Zoophyttty  or  Polypes. 

Madtarioy  ox  Eay^  Animals. 

Infusoeia,  OB  Infusoby  Akucalcules. 

"Whore  the  pool 
Stands  mantled  o^er  -with  green,  inyisinle 
Amid  the  floating  verdure  milUom  stray. 
*  *  *  Nor  is  the  stream 

Of  purest  crystal,  nor  the  lucid  air, 
Though  one  transparent  vacancy  it  seems, 
Yoid  of  their  unsepn  people.**— Tm)MSON. 

In  casting  our  eyes  over  the  earth  and  seas,  the  animal  world  that  we 
actually  behold  constitutes  only  a  part  of  the  animal  creation.    Besides  those 
that  are  hid  in  the  sanctuary  of  the  forest  and  the  depths  of  the  ocean,  . 
there  are  tribes  which  inhabit  great  caverns  and  subterranean  waters,  and 
that  ^e  ^tecially  adapted  for  dwelling  in  a  world  where  darkness  ruleth,  and 

ZiffAt  <' never  comes,  that  comes  to  all." 
And  there  are  others — and  to  these  our  attention  is  now  to  be  directed — ^that 
escape  our  notice,  either  by  their  own  minuteness  or  by  their  dwelling-place. 
To  this  unseen  world  of  animal  existence  this  chapter  is  to  be  devoted ; 
it  comprises  two  classes  of  Radiate  Animals— the  Infusory  Animalcules, 
which  the  microscope  brings  before  our  eyes,  and  the  Internal  Parasites, 
that  live  hidden  from  observation  within  the  bodies  of  other  animals. 

I  mav-  mention,  for  the  sake  of  some  of  my  readers,  that  the  word 
"animalcule"  means  a  "little  animal;"  and  tnat  the  term  "infasoiy  ' 
has  reference  te  their  bein^  easily  procured  by  malriTig  an  infusion  of  animal 
or  vegetable  matter,  and  allowing  it  te  stand  exposed  te  light  and  heat,  such 
as  the  window  of  a  sitting-room  would  afford.  If  a  drop  of  the  thick  scum 
that  may  after  a  few  days  have  gatiiered  on  the  surface  be  placed  between 
two  plates  of  glass  under  the  microscope,  a  busy  world  of  animated  existence 
will  be  revesded  to  view ;  and  in  that  little  film  of  water  may  bfe  «i«sss.* 

*  Sponges  are  not  included,  as  naturaUsts  axe  not  ^ct  a-gro^^  ^  Vft  ^^\x.T«!^^aate«sA* 
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Inmdreds  of  delighted  creatares  swimming  about  as  freely  as  if  disporting 
in  an  ocean. 

They  are  found,  however,  not  merely  in  situations  where  decaying  animal 
or  vegetable  matter  would  seem  to  supply  them  with  food,  but  also  in  lakes, 
livers,  and  even  in  wells  of  the  purest  water.  Thej  have  been  observed  in 
great  numbers,  and  in  full  activity,  in  a  mountain  spring  at  Lochnagar, 
Aberdeenshire,  at  an  elevation  of  3,700  feet;  and  at  present  we  do  not 
know  the  limit  to  their  distribution. 

Among  theni  there  is  great  disparity  of  size ;  the  difference  between  the 
smallest  and  the  largest  being  as  great,  proportionally,  as  between  a  mouse 
and  an  elephant.  But  the  exceeding  minuteness  of  the  smallest,  though 
science  can  reduce  it  to  measurement  and  calculation,  baffles  our  finite 
faculties,  as  completely  as  the  vast  distances  and  magnitudes  of  the  heavenly 
]bodies  revealed  by  the  astronomer.  The  measurement  of  one  minute  species 
(Monaa  crepitsculits)  is  said  to  be  -^^  of  a  line.*  Of  such  infosoria,  a  space 
not  exceeding  that  of  a  single  drop  of  water  may  contain  five  hundred  millions 
of  individual!  Two  such  drops  might,  therefore,  have  a  population  far 
exceeding  that  of  all  the  human  races  now  living  on  the  earth ! 

We  read  of  five  hundred  millions,  and  the  words  drop  smoothly  from  our 
tongue,  but  how  faintly  does  the  mind  take  cognizance  of  the  multitude 
expressed  by  those  figures !  It  may  assist  my  readers  in  forming  some  idea 
•of  its  extent,  if  they  estimate  in  what  space  of  time  the  number  of  animal- 
cules could  be  actually  reckoned.  I  will  suppose  that  the  person  counting 
them  works  only  six  aays  in  each  week,  that  ne  counts  one  in  each  second, 
and  works  twelve  hours  each  day.  At  this  rate  it  would  take  him  thirty- 
seven  years  to  complete  his  task.t 

The  first  marvel  about  these  diminutive  creatures  is  their  size ;  the  second 
is  their  numbers ;  the  third,  and,  to  a  reflective  mind,  perhaps  the  greatest 
marvel  of  the  three,  is  their  reproduction.    This  is  very  diversified.     Some 

appear  like  buds  or  gemmules  on 
the  surface  of  the  body  of  the  parent, 
assume  the  characters  of  the  species, 
drop  off,  and  become  detached  and 
independent  beings.  Others,  again, 
divide  into  two  equal  portions,  by 
what  is  termed  spontaneous  fission 
or  division  (Fig.  2).  The  young 
exist  in  various  states  of  progression, 
and  undergo  various  changes,  until 
they  are  able  to  swim  about  at  large, 
select  a  new  abode,  put  forth  a  new 
Fijf'  2.  stem,  and  become  the  living  parent 

of  a  fresh  colony  of  bell-shaped  blossoms-— if  such  a  term  may  be  appued  to 
a  ^up  of  living  animalcules. 

The  fissiparous  mode  of  reproduction  is  amazingly  productive,  and  indeed 
far  surpasses  in  fertility  any  other  with  which  we  are  acquainted,  not 
excepting  the  most  prolific  insects,  or  even  fishes.  Thus  the  Paramecium 
aureiia  (which  also  propagates  by  ova),  if  well  supplied  with  food,  has  been 

*  A  line  is  the  twelfth  part  of  an  inch. 

t  The  exact  period  would  be  37  years,  5  weeks,  0  days,  0  hours,  45  minutes,  and  20 
seconds. 


ZOOLOGY. 


231 


observed  to  divide  every  twenty-four  hours ;  so  that  in  a  fortnight,  allowing 
the  product  of  each  division  to  multiply  at  the  same  rate,  16,384  animalcules 
would  be  produced  from  the  same  Stock,  and  in  four  weeks  the  astonishing 
number  of  268,435,456  new  beings  would  result  from  a  continued  repetition 
of  the  process. 

Perhaps  the  Volvox  yhhator^  of  which  a  figure  is  annexed  (Fig.  3),  has 
excited,  by  its  mode  of  reproduction,  as  much  or  more  attention  than  any 
other  species.  The  parent,  to  use  the  most  popular  and  best  understood 
expression,  is  a  delicate  green  transparent  globe,  moving  by  means  of 
nunute  hair-like  bodies  termed  cilia,  which  cover 
the  exterior  surface.  Smaller  globes  are  seen  in 
the  interior,  furnished  with  the  same  means  of 
progression,  and  swimming  freely  about.  At 
length  the  outer  covering  bursts ;  the  yotmg  escap- 
ing through  the  fissure,  enter  on  a  wider  sphere 
of  existence ;  and  yet,  even  at  that  moment,  gem- 
mules  may  be  seen  within  them,  which  in  like 
manner  are  destined  to  increase  and  come  to  ma- 
turity. Some  authors  regard  the  Volvox  not  as 
a  parent  and  its  youn^,  but  as  a  compound  ani-  ^^*  ^• 

mal ;  but  this  question  is  one  that  need  not  at  present  be  discussed. 

Besides  these  modes  of  increase,  the  Infusoria  have  that  arising  from  the 
deposit  of  ova,  or  eggs.'  As  the  ditches  in  which  the  animalcules  live  dry 
up  in  stmimer,  they  perish ;  but  prior  to  this  the  mature  ova  burst  througn 
the  skin  of  the  parent,  and  thus  the  last  act  of  the  creature's  life  is  to  pro- 
vide for  the  continuance  of  the  species,  by  depositing  thousands  of  fertile 
germs.  These  are  lifted  up  by  the  winds  which  scatter  the  dust — ^they  are 
dispersed  through  the  atmosphere,  and  float  in  the  air,  ready  to  assume  the 
functions  of  active  life  so  soon  as  they  are  placed  in  ciroumstimces  favourable 
to  its  development. 

In  the  Paramecium  already  mentioned  the  eggs  are  excluded  in  masses. 
These  are  developed  into  young  with  great  rapicuty ;  these  again  lay  eggs, 
not  singly,  but  in  masses ;  so  that  in  two  or  three  days  their  numlSer  sur- 
passes calculation. 

That  particles  of  unorganized  matter  can,  under  any  combination  of 
<}ircumstances,  be  converted  into  living  atoms,  such  as  these  animalcules,  is 
an  opinion  that  has  at  times  gained  some  degree  of  currency,  but  is  altogether 

erroneous.  The  elaborate  provision  made 
for  the  continuance  of  these  races,  by  the 
diverdfied  modes  of  reproduction  which 
have  just  been  detailed,  renders  super- 
fluous the  theory  of  equivocal  generation, 
and  adds  another  proof  to  those  we  see 
everywhere  around  us,  that  the  little  and 
the  great,  as  we  are  pleased  to  call  them, 
are  alike  under  the  providential  care  of 
One  in  whose  eyes  such  differences  are  of 
no  account. 

It  is  unnecessajnr  to  dwell  long  upon 

the  classification  of  the  Infusoria,   They 

Pig,  4,  have  been  divided  by  Ehrenberg  into  twx> 
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great  groups,  comprising  several  genera:  one  group  is  distinguislied  by 
nnmeions  internal  sacs,  or  stomadis  (see  Fig.  4),  as  he  regarded  them ; 
henoe  he  gave  them  the  name  Polygastricay  or  '<  many-stomached."  The 
gacs  or  stomachs  he  rendered  visible  Yfj  dissolving  some  carmine  or  indifo, 
and  placing  it  in  the  water  with  the  animalcules :  as  thW  fed,  the  food  ae- 
posited  in  these  curious  receptacles  became  apparent!  This  group  contains 
those  that  are  most  diminutive  in  size,  and  most  simple  in  structure.  Thev 
are  famished  with  the  little  hair-like  bodies  called  cuia,  already  mentioned., 
and  by  their  action  are  impelled  through  tiie  water,  in  which  tney  find  those 
nutritive  particles  on  which  Ihey  subsist.  Some,  1  regret  to  say,  indulge 
cannibal  propensities,  and  contrive  to  gulp  down  a  fellow-animalcule  almost 
as  large  as  themselves.  Their  movements  would  seem  to  be  unaccompanied 
by  fatigue,  for  they  continue  both  by  night  and  by  day;  and,  lite  our 
breathing,  or  the  circulation  of  our  blo<S,  seem  not  to  depend  on  any 
aet  of  volition. 

The  other  group  is  of  much  higher  structure,  so  much  so,  indeed,  that 
their  removal  to  the  class  of  Articulated  animals  has  been  su^ested.  Thev 
have  lobes  surrounding  the  mouth ;  these  lobes  are  fringed  with  cilia,  which 
by  their  movement  give  to  these  parts  the  appearance  of  wheels  in  rapid 
motion.  Hence  Ehrenberg  bestowed  on  them  tiie  name  Rotifer a^  or  **  wheel- 
bearing."  They  can  swim  either  slowly,  or  wi^  considerable  swiftness,  in 
pursuit  of  their  prey.  Most  frequentiy,  however,  they  take  matters  very 
qnieUy,  like  gentlemen  "  who  live  at  home  at 
ease;"  for,  fixing  themselves  by  the  pincers 
shown  in  Fig.  5,  they  bring  tiie  cilia  round 
their  mouths  into  play ;  these  cause  currents 
in  the  water,  and  thus  enable  them  to  devour 
the  unfortunate  Polygastrica  that  come  within 
the  vortex.  Twice  have  I  now  been  summoned 
to  lay  down  my  pen,  and  witness  the  process. 
They  have,  for  the  better  mastication  of  their 
prey,  a  singular  apparatus  of  teeth,  if  it  may  so 
be  called.  It  has  been  likened  to  an  anvil, 
with  a  hammer  on  either  side.  These  ham- 
mers can  be  brought  into  action  in  a  moment : 
they  must  be  very  effectual  implements,  and 
are  vigorously  widded. 

The  rate  of  increase  among  the  Wheel  ani- 
malcules is  greater  than  we  know  of  among 
any  other  animals,  their  many-stomached 
relatives  alone  excepted.  As  an  example,  the 
Hydatina  senta  may  be  mentioned.  Ehrenberg, 
we  are  told,  watched  during  eighteen  days 
successively  an  individual  which  was  full  grown  when  singled  out,  and  did 
not  die  of  old  age,  which  proves  this  species  to  live  more  than  twenty  days. 
In  from  twenty-four  to  thirty  hours  this  animalcule  will  deposit  four  ova, 
which  will  grow  from  the  embryo  to  maturity,  and  bring  forth  their  ferti- 
lized ova  in  the  same  period.  An  individual  producing  in  ten  days  forty 
eggs,  developed  at  this  rapid  rate  of  increase,  would  have  on  the  tenth  day 
one  million  of  descendants,  on  the  eleventh  day  four  millions,  on  the  twelfth 
day  sixteen  millions,  and  so  continue  to  multiply. 


Fig.  5. 
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Their  tenacity  of  life  is  soaroely  less  remarkable  than  their  numbers.  They 
may  be  dried  up  until  apparently  dead,  and  again  reTiTed  by  the  a|]^lica- 
tion  of  moisture*  Pontana  kept  some  of  them  two  years  and  a  half  in  dry 
sand,  exposed  to  all  the  power  of  an  Italian  summer's  sun ;  yet  in  two  hours 
after  the  application  of  rain  water  they  recovered  life  and  motion. 

When  we  muse  upon  this  lowlj^  region  of  animal  life ;  reflect  <m  the 
strange  powers  of  increase  with  which  its  microscopic  population  is  gifted, 
and  the  powers  of  endurance  they  possess,  we  cannot  but  be  struck  with 
the  providential  care  that  preserves  them  from  destruction,  and  insures  the 
continuance  of  the  various  species.  And  we  may  fairly  infer  that  they  senw 
important  purposes,  though  we  can  but  faintly  trace  tnem  out.  We  cannot, 
however,  err  in  saying,  that  by  their  feeding  upon  the  decaying  particles  of 
organized  bodies,  they  effectually  assist  in  Tnamf-aiTiing  the  purity  of  tiio 
waters  ;  while  at  the  same  time,  as  their  vast  numbers  compensate  for  their 
minute  size,  they  furnish  a  large  supply  of  food  to  other  creatures  dwelling 
theorein. 


CHAPTEE  in.   • 

SNTOZOA ;   OH,  UrTEENAL  PAItASITES. 

♦*  Some  get  within  Mm/'— Shaxxspeabe. 

The  word  Entotoa  means  literally  animals  within  or  inside  of  other  animals. 
It  is  applied  to  those  internal  parasites  by  which  the  bodies  of  man,  and  of 
animals  inferior  to  man,  are  infested.  Eighteen  distinct  species  are  said  to 
live  within  the  cavities  and  tissues  of  fiie  human  body.  Every  known 
animal  is  believed  to  have  one  or  more  species  peculiar  to  itself.  If  this  be 
correct,  the  number  of  species  belonging  to  the  Entozoa  would  exceed  that 
of  all  the  other  species  oi  animals  now  hving  upon  the  earth. 

Their  structure  is  extremely  varied.  Some  are  so  simple  that  they  appear 
like  little  bladders  filled  with  a  watery  fluid ;  as,  for  example,  that  one 
which,  when  abundant  in  the  pig,  gives  to  the  flesh  of  the  animal  the  ap- 
pearance termed  meatHy,  Others  are  so  different  from  this,  that  some  na- 
turalists are  of  opinion  they  might  with  greater  propriety  be  arranged  wiiih 
the  ArmelidSf  or  true  worms  of  the  class  Articulata.  This  species  has  been 
found  in  the  human  body,  in  the  eye,  the  brain,  the  substance  of  the  heart, 
and  the  voluntary  muscles. 

I  shall  do  little  more  than  refer  to  two  or  three  examples  illustrative  of 
the  variety  of  structure  just  referred  to ;  but,  as  I  would  wish  my  readen 
to  be  assured  that  these  despised  creatures  are  worthy  of  investigation,  I 
would  b^  their  attention  to  what  has  been  most  truly  and  eloquently  said 
by  Professor  Owen : — 

<^In  creatures  surrounded  by,  and  having  ehrerjr  part  of  their  absorbent 
surface  in  contact  witii,  tiie  secreted  and  vitalized  juices  of  higher  animals^ 
one  might  have  anticipated  little  complexity  and  less  variety  of  organization; 
yet  the  workmanship  of  the  Divine  Artiiicer  is  sufficiently  compUcated  and 
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maryellous  in  these  ontcasts,  as  they  maybe  termed,  of  the  animal  kingdom, 
to  exhaust  the  utmost  skill  and  patience  of  the  anatomist  in  unravelling 
tiieir  structure,  and  the  ^atest  acumen  and  judgment  in  the  physiologist 
in  determining  the  functions  and  analogies  of  the  structures  so  discoyered. 
What  also  is  very  remarkable — ^the  gradations  of  organization  that  are  trace- 
able in  these  internal  parasites  reach  extremes  as  remote,  and  connect  them 
by  links  as  diversified,  as  in  any  of  the  other  groups  of  2k)ophytay  although 
these  play  their  parts  in  the  open  and  diversified  fields  of  nature." 

Observations  made  on  some  species  of  Entozoa  prove  that  their  tenacity 
jof  life  is  not  less  than  that  already  mentioned  in  the  Rotifera,  A  minute 
worm  that  attacks  wheat,  and  is  essentially  the  same  in  point  of  structure 
with  some  of  the  internal  parasites,  has  been  dried,  and,  after  periods  of 
from  four  to  seven  years,  revived  by  the  application  of  moisture.  Their 
power  of  enduring  me  extremes  of  heat  and  cold  is  very  remarkable.  A 
worm  has  been  seen  to  exhibit  strong  contortions — evidently  vital  motions — 
after  having  been  subjected  for  an  entire  hour  to  the  heat  of  boiling  water, 
along  with  a  cod  fisn  which  it  had  infested.  Kodolphi  states  that  other 
Entozoa,  which  attack  herrings,  are  annually  sent  with  these  fish  to 
Berlin,  hard  frozen  and  packed  m  ice,  and,  when  thawed,  exhibit  unmistak- 
able signs  of  restored  vitality.  These  observations,  it  should  be  borne  in 
mind,  are  made  on  the  mature  Entozoa;  still  greater  capabilities  of  en- 
durance must  naturally  belong  to  the  eggs,  or. ova. 

This  circumstance,  and  the  extreme  abundance  in  which  the  ova  are  pro- 
duced, will  enable  us  to  account  for  their  retaining  dormant  powers  of  life 
until  placed  in  circumstances  suitable  for  their  development.  Let  us  now 
turn  to  an  example  of  one  of  their  diversified  modes  of  reproduction. 

There  is  a  kina  of  parasite  worm  known  in  these  countries  as  the  Tape- worm 
( T€enia  solium).  It  is  found  in  the  human  intestines,  and  attains  the  length  of 
three  or  four  yards ;  occasionally  even  more  than  this.  Now  one  curious 
fact  about  it  is,  that  the  very  same  species  that  infests  the  natives  of  Great 
Britain  infests  also  the  Dutch  and  Germans.  Another  species,  JBotrioce- 
phalus  latuBy  is  peculiar  to  the  Swiss  and  Russians ;  while  the  inhabitants 
of  the  French  provinces  adjoining  Switzerland  possess  the  unenviable  dis- 
tinction of  bemg  infested  with  both.  It  is  strange  that  these  creatures 
should  thus  be  restricted  to  certain  countries,  as  they  are,  by  their  mode  of 
life,  exempt  from  all  "the  skyey  influences."  Perhaps  some  of  my  readers 
may  be  inclined  to  speculate  on  this  very  singular  fact,  and  infer  that  honest 
John  Bull  must  have  something  about  mm  akin  to  "liie  stuff"  tiiat  Dutch, 
and  Germans  are  made  of,  when  parasites  of  the  same  species  attack  them 
in  common,  and  avoid  the  Russians  and  the  Swiss.  But tliis  were  to  "reason 
too  curiously,"  for  an  Englishman  mig^ht  be  infested  with  the  Tape-worm  of 
Russia,  if  he  became  for  a  long  enough  time  resident  in  that  country. 

The  head  of  the  Tape-worm  is  furnished  with  suckers  and  recurved  hooks, 
80  that  it  can  retain  a  firm  hold.  like  the  root  of  a  plant,  it  imbibes  f^e 
nutritive  juices  required  for  the  support  of  the  entire  structure.  Each  of 
its  numerous  joints  possesses  within  itself  the  means  of  producing  thousands 
of  fertile  ova.  These  joints  break  off,  separating  from  the  stem,  as  branches 
heavy  with  ripe  fruits  from  a  richly-laden  tree.  But  a  strange  mode  of  re- 
producing them  is  provided.  The  joint  next  the  head  divides  into  two 
joints;  each  of  these  expands,  and  then  divides  in  like  manner ;  so  that  the 
^ge^'producing  aegmenta  resume  in  time  their  ioTmec  i^xo^rtLons^  and  thus 
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one  head  may  outliye  sucoessiye  generations  of  the  other  parts.  *'  Is  there 
any  one/'  says  Professor  Escright,  ''who  npon  the  contemplation  of  this 
wonderfiil  apparatus,  and  the  extraordinary  results  of  its  agency,  can  for  a 

moment  imagine  Hiat  it  is  without  an 
object  or  an  end  ?"  The  Tape-worm 
is  not  produced  by  chance :  no  atoms 
of  matter  shaped  themselves  into  the 
liying  animal,  according  to  the  hypo- 
thesis of  equivocal  generation.  In  all 
its  wonderful  details,  the  humble  worm 
declares  its  Great  Artificer  |  and 
Science  stands — ^as  true  Science  ever 
will  stand — ^the  handmaid  of  Religion. 
Among  the  Entozoa  we  meet  with 
some  strange,  and,  to  our  eyes,  fan- 
tastic forms.  There  is  one  diminutive 
fellow  (Diplozoon  paradoxum)  that 
attaches  itself  to  the  giUs  of  the  bream ; 
and  though  only  about  a  quarter  of 
an  inch  in  size,  exhibits,  like  the  cele- 
brated Siamese  youths,  two  distinct 
bodies  united  by  a  narrow  band. 
Others  have  the  appearance  of  possess- 
ing two  mouths,  and  from  this  circum- 
stance are  known  by  a  scientific  term 
{Bistoma)  expressive  of  this  peculia- 
rity. One  01  these  supposed  mouths  is 
in  reality  a  sucker,  and  enables  the  creature  to  retain  its  nold.  A  species 
of  this  genus  is  uidiappily  too  well  known  to  the  farmer  by  the  name  of  the 
''liver-fiuke;"  and  tnough  he  may  be  ignorant  of  facts  relating  to  the 
abundance  and  the  vitality  of  the  ova,  he  Knows  from  experience  that  he 
must  remove  his  sheep  from  waters  and  pastures  where  others  have  been 
infected  by  "the  fluke,"  if  he  would  keep  them  safe.  The  genus  Distoma 
embraces  many  species,  very  different  in  size  and  habit.  Listen  to  the  ac- 
count of  the  transformations  of  one  species,  as  observed  by  Steenstrup,  and 
published  in  one  of  the  volumes  of  the  Ray  Society. 

It  is  weU  known  that  the  stagnant  pools  in  which  fresh-water  shells 
(particularly  the  Lymnea  and  the  Paludma)  are  found,  contain  an  innume- 
rable variety  of  minute  animals  of  various  xinds.  Among  these  is  a  small 
worm,  known  to  naturalists  under  the  name  Cercarioy  and  looking  like  a 
diminutive  tadpole,  with  a  long  tail,  a  triangular  head,  and  a  large  sucker 
in  the  middle  of  the  body. 

If  we  watch  these  worms,  which  always  abound  in  the  neighbourhood  of 
the  shells  mentioned,  we  find  them  after  a  time  attaching  uiemselves,  by 
means  of  their  sucker,  to  the  body  of  the  Mollusca.  The  tail  now  falls  off, 
the  worm  buries  itself  in  the  mucous  substance  of  the  snail,  and  there 
remains  nearly  motionless,  like  a  caterpillar  on  its  transformation  into  the 
pupa.  If  we  remove  the  little  creature  from  its  retreat,  we  find  it  now 
changed  into  a  Distoma.  The  former  animal  was  but  the  lax^^  ^^  "^^g^ 
present  one. 
What,  now,  is  the  origin  of  the  Cercoriaf    li,  ^\,  ^^x^ajsa.  ^^as«^  ^^  ^^-^ 


Fig.  6. 
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jmtf  tlie  Tisocm  of  oae  of  ftie  MoDiMqi  leierrbi,  t»  ibe  epaed,  we  And  a 
^pumtity  of  womt  of  a  peculiar  ibm.  Hie  ca^ritr  of  ftar  bo^ee  k  filled 
witk  a  mase  of  oCker  little  wenas  wUdi  a  pnctiiea  ^fe  eaal^  leeugniaee  as 
joang  Cerearia.  Hie  wom  that  eontaiiiB  tfaem  is  but  tiieir  Inring  enyelape, 
and  OB  tliif  aeeount.hae  been  eaUed  the  rmne.  These  marwet,  ttbaage  to 
wKff  are  the  oftmring  of  otiier  nones,  which  hare  been  prodneed  dinetiy 
ttomibeegg^otihe  Diitoma,  If  this  be  so,  it  takes  four  genentioiMi  and 
one  metamorphosb  to  bring  Toand  again  the  likeness  of  t^  perfeet  animal 
ftom  whidi  tney  all  ori^iiuited;  in  other  wordsy  t^  panait  wooid  find  no 
xasemblanee  to  niniielf  in  any  of  his  progenj  nntil  he  amyed  at  the  great- 
grandflonl 

It  would  be  radi  to  affirm  that  erery  speeiea  of  Jbdte  passes  tiirong^  a 
fliniilar  series  of  dianges,  for  we  ninst  not  Ventore  in  Katnral  SKstory  to 
reason  from  analogy  farther  than  to  say  that  snch  an  inference-is  probable. 
Eyery  species  mnst  be  carefully  investigated  by  itself  before  we  can  be  said 
to  kxiow  its  history.  That  this  family  (Tr^nuiiodlci)  exercises  a  widenqpread 
inflocnce  is  certain*  Thcr  are  foimd  in  the  eyes  of  many  anfmala,  as  well 
as  in  otiier  origans.  In  tne  eyes  of  fishes  they  are  particiilarly  abondant. 
The  little  white  specks  which  may  sometimes  be  seen  in  '.the  eyes  of  the 
common  fresh-water  perch  are,  in  fetct,  ndnnte  animals  belongiTig  to  this 
groap  of  ;soopli3rtes. 

Look  well  about  the  moist  stones  on  the  sea-shore,  and  yon  may  possibly 
notice  a  little  animal,  aboat  an  inch  long  and  a  qnarter  of  an  inch  broad, 
gliding  oyer  their  surface,  and  looking  like  a  bit  of  leather  cut  from  a  lady's 
glove  and  endowed  with  life.  ItiasiPlanarta,  Some  ofthese  are  found  in  fresh 
water,  some  in  salt ;  they  are  carnivorous  in  their  habits,  and  vary  in  colour 
from  time  to  time,  according  to  the  colour  of  their  food,  so  that  the  same  indivi- 
dual may  appear  red  one  week  and  green  the  next.*  We  cannot  say  of  them 
that  they  eat  tmtil  they  are  *  *  like  to  burst,"  for  so  voracions  are  they  that  they 
actually  do  burst  from  their  excessive  greediness.  The  strangest  thing,  how- 
ever, about  them  is  the  manner  in  which  the  body  breaks  into  fragments,  and 
each  part  becomes  a  perfect  animal.  Sir  John  DalzeU,  in  speakmg  of  one  of 
them,  8ay»,t  "But,  independent  of  propagating  by  eggs,  the  Black  Planarta 
is  privileged  to  multiply  its  species  in  proportion  to  the  violence  offered  to  its 
otherwise  delicate  frame.  It  may  almost  be  called  immortal  under  tiie  edge 
of  the  knife.  Innumerable  sections  of  the  body  all  become  complete  and 
perfect  animals :  if  the  head  be  cut  off,  a  new  head  replaces  it ;  if  the  tail 
DC  severed,  a  new  tail  is  acquired."  On  a  summer  evening,  when  Sir  John 
was  looking  at  one  of  these  animals,  he  saw  a  strange  performance — ^the 
head  was  made  to  separate  itself  from  the  body,  and  crawl  away — a  feat 
o^ual  to  that  of  the  **  Headless  Horseman  of  Sleepy  Hollow,"  when  he  flun^ 
his  head  at  the  terrified  Ichabod  Crane.  Thus  it  is  that  the  facts  of  Science 
are  more  wonderful  than  the  creations  oi  Fancy.  The  truth  is  stranger 
tham  the  fiction. 

*  Darwin  found  eight  species  of  terrestrial  PlanarisQ  from  within  the  tropic  to  lat. 
47*  south.  They  were  striped  with  bands  of  gay  colours,  and  were  found  about 
dioaying  timber,  on  which  they  appeared  to  feed. 

ObserrstioDs  on  Plaaorifs,  pege  81.    Edinbrn-gh,  1814. 
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ZOOPHYTES. 

^They  that  go  down  to  the  fea  in  shipe,  that  do  business  in  great  waters : 
'<  These  see  the  works  of  the  Lord,  and  his  wonders  in  the  deep."— Psauc  eyii. 
23,24.  . 

MiLsr  r  of  tihe  animals  'belongiiig  to  this  diyision  resemble  flowers,  not  only 
in  form,  but  in  the  brillianoy  and  variety  of  their  colonring.  "Moreover,* 
says  Dana,*  "a  large  number  of  Zoophytes  are  so  like  the  trees  and  skmbs  of 
land  vegetation  as  to  have  deoeived  even  the  philosopher  till  near  a  century 
since.  The  mosses  and  ferns  of  our  woods — the  lichen  and  mushrooni — ^the 
clump  of  pinks — ^the  twig  and  spreading  shrub— have  afl  their  counterpart 
among  the  productions  of  the  sea.  The  ocean-grove  is  without  verdure,  yet 
there  is  full  compensation  in  its  perpetual  bloom ;  for  each  coral  branch  is 
everywhere  covered  with  its  star-shaped  animals,  the  *  coral  blossoms.'" 

Ellis,  a  London  merchant,  was  the  first  to  establish  their  true  character. 
Attracted  by  their  beauty,  he  was  led  to  examine  them  with  the  microscope, 
and  saw  evidence  in  their  texture  that  they  were  more  of  an  animal  than  of 
a  vegetable  nature.  His  "suspicions,"  as  he  modestly  terms  them,  were 
communicated  to  the  Royal  Society  in  1752.  After  an  interval  of  two  years, 
during  which  he  had  confirmed  the  accuracy  of  his  former  observations,  his 
views  were  more  folly  explained  to  the  same  body ;  and  in  1755  he  pub- 
lished his  justly  celebrated  work  on  the  Natural  History  of  the  British 
Corallines, 

The  observations  of  preceding  naturalists  had,  to  some  extent,  prepared 
the  public  mind  for  the  Tcccption  of  the  viowa  advorntf-'l  hy  h^llis.  Jiut  [J ti- 
ll o^u;?  was  then  living,  in  the  verv  zenith  of  his  rej^^j  Tht»  obfic^rvY'd  of 
oil  observers,"  and  looktid  up  to  by  hi&  followers  *^ft_L-^^^v'  "f"  nnjiivfllifltp. 
By  *  Kim  the  new  opinions  were  received  with  cm^^^B'  .  J^ '^ 
captive  b^  his  rioh  and  poetic  iTnagination,  ho  d< 
intermediate  in  their  naturo  between  plants  and 
funetionfl  of  animal  and  vegetable  life  combined  ;  OfTj 
"vegetables  with  refipect  to  flaar  eteniSj  and 
flaroBcenjce." 

Afttr  the-ge  introductoiy 
is  easily  understood,  and 
words,  on©  ai^nifyin^ar  an  " 
fore,  aa  regards  external  ai  ^ 
growth ;  and  it  remiiwla  tu^i 
period  looked  upon  them 
table  life. 

lintt  althmigh  the  extemskl 
table  kingdom  is  so  atrikinf,*] 
'^Each  of  these  flowej-TTnTmrup 


•  On  the  Bttuctn^ 


^ 


■^  meaning  oT 
Wed.    It  is 
ItJier  a  **pijLHiL 
*\  aoimals  that 
J»Tie,  that  evtn 
tear  structtu* 


^Knl  lik^M^ 
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digest  food ;  and  the  appendages  that  look  like  petals  are  organs  fitted  either 
for  securing  their  prey,  or  for  some  other  animal  function.  Some  species  have 
actually  been  fed,  and  the  process  of  digestion  watched  by  the  naturalist. 
They  are  not  always  invisible  animalcules,  as  has  been  the  common  impres- 
sion ;  on  the  contrary,  many  of  the  most  common  varieties  are  half  an  inch 
in  dieoneter,  while  others  are  one,  two,  and  three  inches,  and  others  are  a 
foot  to  eighteen  inches.* 

The^  present  a  great  yariel^  of  form,  sometimes  aping  that  of  common 
domestic  articles,  such  as  a  drinking  glass,  f  or  a'botfle-brush;^  at  others 
assuming  the  appearance  of  delicate  lacework,  more  perfect  and  more  won- 
derful than  any  that  was  exhibited  within  the  Palace  of  Qlass  in  1851. 
This  lace,  spread  oyer  the  leaves  of  some  of  our  larger  sea-weeds,  shows,  to 
use  the  woras  of  an  old  writer, §  "how  the  needle  of  Nature  delighteth  to 
work.''  Some  not  only  resemble  flowers,  but  bow  their  livinff  blossoms,  ||  as 
if  in  homage  to  tiie  dieter  who  has  removed  their  beauties  from  the  ocean 
depths,  and  revealed  them  to  the  gaz«  of  sentient  beings. 

"  The  marigold,  that  goes  to  bed  with  the  sun. 
And  with  him  rises  weeping," 

is  represented,  with  all  4ts  class,  by  living  inhabitants  of  the  sea,  not  less 
beautiful  in  shape  or  colouring ;  and  that  tree,  whose  pensile  branches  are 
associated  with  numan  affections  and  sorrows,  has  its  miniature  representa- 
tive, called  the  "sea  cypress."  % 

Zoophytes  of  these,  and  all  other  existing  forms,  are  arranged  by 
naturalists  in  four  principal  groups  qr  orders.  The  likeness  to  various 
members  of  the  vegetable  Kingdom  is  the  prevailing  characteristic  of  the 
first  three  of  these.  In  the  other  a  higher  grade  of  structure  prevails,  and 
establishes  its  near  affinity  to  creatures  from  which  it  is  widely  removed  in 
our  present  classification.  Let  us  now  give  our  attention  to  each  of  these 
four  orders  in  succession. 

Oedeb  I. — ^Htdeoida. 

"  New  buds  and  bulbs  the  liying  fibre  shoots 
On  the  lengthemng  branches  and  protuding  roots ; 
Or  on  the  father's  side,  from  bursting  glands, 
The  adhering  young  its  nascent  form  expands." — ^Dabwin. 

Hydroida  simply  means  "hydra-like,"  or  resembHng  the  hydra,  a  fabled 
monster  of  Lake  Lerna,  with  fifty  or  a  hundred  heads,  of  which  no  sooner 
was  one  cut  off  than  two  sprouted  out  in  its  place.  The  real  hydra,  how- 
ever, is  a  creature  found  pretty  generally  in  ponds  and  ditches,  though  not 

•  Dana. 

t  "  When  at  rest  it  (Zueemaria  faseieularia)  assumes  very  much  the  form  of  a 
common  drinking  glass,  and  is  exceedmgly  conspicuous  from  its  beautiful  rose  tint."^ 
Templeton, 

I  **The  poljpidom  (ITiuiaria  ^Af{;a)  retains  throughout  its  whole  growth  the  ap- 
pearance of  a  bottle-brush."— JbAn«<o». 

6  Sir  Thomas  Browne,  a  learned  antiquary  "kud  physician,  bom  1605. 

D  Corymorpha  nutans,  "Its  head  graoefaUy  nodded  (whence  the  appropriate 
specific  appellation  giyen  it  by  Sars),  bending  the  upper  part  of  its  stem,"— Ji»r^  and 
Ooodtir, 

IT  Sertularia  cupreflflina.— JS^/M. 
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in  all  localities ;  and  the  true  history  of  its  hirth,  its  powers,  and  its  habits 
is  more  strange  than  anjr  classic  fiction." 

Look  at  the  under  side  of  the  leaves  of  the  common  duckweed  of  our 
ponds  and  ditches,  and  you  wiQ,  perhaps,  find  on  some 
a  little  bit  of  jelly,  not  larger  than  hall  the  size  of  a 
pea.  Place  it  in  a  glass  vessel  filled  with  water,  and  if 
you  have  found  the  hydra  (Fig.  12),  it  will,  after  a 
time,  spread  out  its  long  hair-lflce  tentacula,  or  feelers. 
Woe  to  the  little  creature  that  comes  in  contact  with 
them!  It  becomes  paralyzed  by  their  touch,  and  is 
drawn  helplessly  into  the  mouth  of  the  hydra,  and 
devoured. 

Fig-  7.  Some  of  the  minute  Crustacea,    that   live    in  fresh 

water,  now  and  then  escape,  as  if  their  shelly  covering  had,  in  some 
degree,  afforded  them  protection.  But  worms,  which,  under  ordi- 
nary circumstances,  bear  severe  ya)unds,  have  been  observed  to  die 
after  being  bitten  by  the  hydra,  tnough  afterwards  removed  from  its 
grasp. 

To  Trembley.  a  naturalist  of  Geneva,  we  are  indebted  for  our  first  infor- 
mation respecting  this  creature.  When,  about  the  year  1744,  he  made 
known  its  wonderful  properties,  the  announcement  created  the  liveliest 
sensation  of  astonishment,  and  his  alleged  facts  were,  by  many,  regarded  as 
impossible  fancies.  But  all  his  discoveries  were  speedily  confirmed ;  and 
admiration  at  the  skill  and  perseverance  with  which  his  investig:ations  were 
pursued  succeeded  to  the  previous  distrust. 

Perhaps  no  part  of  their  history  seems  more  strange  than  their  power,  not 
only  of  enduring  injuries,  but  of  multiplying  xmder  the  process  which 
threatened  their  destruction.  This  was  tested  by  Trembley  by  many 
strange  experiments.  One  was  cut  into  halves,  and  soon  each  naif  became 
a  perfect  hydra.  One  was  divided  into  three  parts,  and  in  three  or  four 
days,  in  summer,  the  tail  had  produ-ced  a  head,  the  head  a  tail,  and  the 
middle  part  a  tail  at  one  end,  and  a  head  at  the  other ;  and  even  before 
completion  they  sometimes  gave  out  buds,  which  rapidly  assumed  the  like- 
ness of  the  parent.  From  forty  parts  forty  hydras  were  formed.  The  body 
slit  open  soon  unites  again,  even  if  each  part  is  previously  extended  like  a 
flat  nbbon.  One  hydra  pulled  into  the  body  of  another  unites  with  it,  so 
that  they  form  but  one  animal.  And  two  may  be  made  to  change  heads, 
for  the  head  of  the  one  may  be  engrafted  on  the  body  of  another.  Among 
such  animals  the  question  of  personal  identity  would  become  a  very  puzzling 
one  ;  and  degrees  of  consanguinity  or  relationship  would  perplex  the 
genealogist. 

It  has  been  truly  remarked,  that  "no  one  has  ever  written  the  complete 
history  of  any  one  animal."  If  we  rake  together  all  that  has  been  recorded 
of  the  hydra,  we  have  a  long  and  marvellous  record ;  yet  it  is  not  complete : 
new  points  of  inquiry  are  continually  suggested,  showing  that  to  under- 
stand in  all  its  fulness  the  history  of  even  the  humblest  zoophyte  belongs  not 
to  one  whose  duration  is  so  brief,  and  whose  faculties  are  so  limited,  as  those 
of  man  in  his  present  state  of  existence.  Let  us,  therefore,  move  onwards. 
The  hydra  has  the  power  of  changing  its  place  at  pleasure,  and  its  entire 
body  is  naked.  In  both  respects  it  dmers  from  the  members  of  another 
family.    Their  aspeot  ia  that  of  a  number  of  tubes,  from  a  couple  of  inches 
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to  a  foot  in  length,  attached  to  a  common  base,  and  often  more  or  Leas 
twisted  together.  From  these  tubes  the  name  Tubularia  is  applied  to  such 
animals.  From  each  tube  a  head  of  a  beautiful  red  colour  projects,  looking 
like  an  animated  flower.  These  heads  or  blossoms  drop  off,  the  tube  remains 
bare  and  unsightly,  like  a  tree  reft  of  all  its  floral  glory ;  yet  eie  long,  from 
that  naked  stem,  a  new  head  is  developed,  and  the  living  blossom  waves 
onjce  more  ita  tender  fllaments,  and  seeks  again  the  food  on  which  it  lives. 

The  great  majority  of  the  zoophytes  belonging  to  the  present  order  are, 
kowever,  those  which,  in  little  tree-like  tufts,  decorate  the  shells  of  the  oyster 
and  the  scallop,  are  attached  to  stones,  or  cluster  upon  the  fronds  of  the 
large  sea- weeds.  These  are  grouped  together  under  a  name  {SerttUaridce) 
which  is  derived  from  a  Latin  word  {sertula),  signifying  a  little  wreath  or 
Mrland.  Hogarth,  our  great  moral  painter,  thus  writes  to  Ellis  respecting 
Siam : — "  As  for  your  pretty  little  seed-cups,  or  vases,  they  are  a  sweet 
conflrmation  of  the  pleasure  Nature  seems  to  take  in  superadding  an' 
elegance  of  form  to  most  of  her  works,  wherever  you  find  them.  How  poor 
and  bungling  are  all  the  imitations  m.  Art !  W  nen  I  have  the  pleasure  of 
seeing  you  next,  we  will  sit  down — nay,  kneel  down,  if  you  will,  and  admire 
these  things."  With  these  striking  words  Dr.  Johnston  commences  his 
History  of  British  Zoophytes,  and  aads,  ^^He  must  indeed  be  more  than 
ordinarily  dull  and  insensate  who  can  examine  them  without  catching 
some  of  the  enthusiasm  of  the  artist.  They  excel  all  other  zoophytical  pro- 
ductions in  delicacy,  and  the  graceful  arrangement  of  their  forms ;  soma 
borrowing  the  character  of  the  prettiest  marine  plants,  others  assuming  the 
semblance  of  the  ostrich  plume ;  while  the  variety  and  elegance  exhibited  in 
the  flgures  and  sculpture  of  their  miniature  cups  and  chalices  are  only 
limited  by  the  number  of  their  species." 

How  snail  I  describe  the  growth  and  nature  of  these  productions  ?  Sup- 
pose a  miniature  tree,  its  branches  covered  with  little  cells,  and  a  minute 
animal  spreading  out  from  each  cell  its  tentacula,  feelers,  or  arms — ^by 
whatever  name  you  term  them — and  seizing  its  allotted  food.  If  touched 
or  alarmed,  it  can  shrink  into  its  ceU.     Yet  call  it  not  the  inhabitant  of 

that  asylum  to  which  it  has  retreated.  To 
do  so  would  convey  a  wrong  idea.  It  would 
imply  that  a  living  creature  had  sought 
safety  in  a  lifeless  ceU,  whether  formed  by 
itself  or  not ;  it  would  suggest  the  idea  that 
the  little  animal,  or  **  polype,"  as  it  is  called, 
is  one  thing,  and  the  cell  another  and  a 
distinct  thing.  But  this  is  not  Hie  fact ;  the 
polype,  the  cell,  and  all  the  polypes  and  cells 
are  spoken  of  as  one  zoophyte  (Fig.  8).  AU 
the  polypes  are  imited  together  by  the  pith  or 
medulla  of  the  stem  ana  branches.  Each, 
while  feeding  itself^  is  proeuring  food  for  all;, 
and  the  entire  may  be  regarded  as  one 
organism,  acquiring  sustenance  by  the  joint 
action  of,^rhaps,  a  thousand  mouths.  The 
repetition  of  aa  organ  indicates  a  humble 
Fig.  8.  rank  in  the  scale  of  animated  existence.    It 

did  aa  m  the  many  gtonuuiha  of  the  ]^Iygafitrifi  inimaloules ;  it  does  the 
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same  in  the  mnltitudinous  mouths  of  the  sertuktrian    zoophytes.     But 

humble  as  their  rank  appears  to  be,  a  providential  care  is  manil'est  in  the 

reproduction  of  the  young,  and  the  continuance  of  the  species.     The  young 

are  brought  forth  both  fi-om  bud«  and 

eggs.     "By  the  former  the  polype 

extends  its  individual  life,  while  by 

the  latter  the   species  is  multiplied 

and  continued."     The  most  populous 

growth  sprang  originally  from  a  single 

polype,  and  grew  by  the  development 

of  buds.     Amid  its  branches,  at  cer- 
tain seasons,  cells  of  larger  size  and 

of  a  peculiar  shape  are  observable  (Fig. 

9).     These  contain  the  ova,  or  eggs, 

which,  gifted  in  their  more  advanced 

condition  with  powers  of  locomotion^ 

diflPuse  themselves  through  the  waters 

of  the  ocean,  and  each  becomes  in 

turn  the  founder  of  a  colony,  more 

populous  than  the  greatest  city  over 

which  the  eagles  of  imperial  Rome 

ever  floated. 

On  such  subjects  our  ideas  fall  far 

short  of  the  actual  truth.     Hear  the 

statement  of  Dana,  geologist  of  the 

United   States  exploring  expedition, 

as  given  in  his  work  on  the  Structure 

and  Classification  of  Zoophytes,    "  The  first  polype  with  which  the  zoophyte 

commences  thus  gives  out  a  bud,  and  this  another,  and  so  a  succession  is 

formed,  and  the  little  stem  is  gradually  lengthened ;  branchlets  grow  out, 

and  the  plume  or  miniature  tree  is  finally  completed.     The  who£  may  be 

the  work  of  a  few  weeks  or  months,  though  they  usually  continue  budding 
and  growing  for  some  years.  Before  the  zoo- 
phyte has  reached  its  limits  in  size,  the  number 
of  polypes  becomes  immensely  large  (Fig.  10). 
In  a  single  specimen  of  Plumularia  (P.  angulosa\ 
collected  by  the  author  in  the  East  Indies,  there 
are  about  twelve  thousand  polypes  to  each  plu- 
mose branch ;  and  as  the  wnole  zoophyte,  three 
feet  bug,  bears  these  plumes  on  an  average  every 
half  isi^,  on  opposite  sides,  the  whole  number  of 
polypes  is  not  short  of  eight  millions,  all  the 
offspring  of  a  single  germ,  and  produced,  by 
successive  buddings." 

Many  of  these  creatures  possess  the  power,  of 
giving  out  a  brilliant  phosphoric  light.     They  do 
sawhenstfuck  or  otherwise  irritated,  appearing 
like  qp  many  diamond  sparks.     Every  Tjoly^^^ 
Fig.  10.  seems  to  have  the  poweT  ol  ^-ns^^iav^  ^^  -^r>l!Ss^.- 

holding  the  light  at  pleasicre ;  and  when  the  ttawl  oi  ^  S^«CTa»xi^'"v^  ^-k^tcl^ 
at  midnight^  ojtgro^moi  tii^i  large  tangle  ar^  ^•5\i\o:■b^^^ys  "Oa.^  ^^^^^^-k**^^ 


Fig.  9. 
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phenomenon  is  eminently  striking  and  beautiful.  Crabbe,  whose  poetry 
evinces  minute  accuracy  in  all  its  delineations  of  nature,  animate  or  in- 
animate, has  described  this  appearance  ;*  but  to  all  my  young  friends  who 
live  near  the  coast  I  would  say,  "  Go  and  see  it  for  yourselves." 

It  has  been  already  stated  that  the  present  order  derives  its  name  from 
the  polypes  having  a  resemblance  to  the  hydra,  the  species  most  celebrated. 
But  other  polypes  present  a  star-like  figure,  and  from  this  circumstance  they 
are  formed  into  a  group  or  order  distinguished  bv  a  term  expressive  of  this 
resemblance,  namely,  *  *  Asteroida."  Of  tbese  I  shall  speak  in  the  next  chapter. 


CHAPTER  Y. 


ASTEEOIDA. 

"  There,  with  a  light  and  easy  motion, 
The  fan-coral  sweeps  tiirough  the  clear  deep  sea." 

AsTEEOiDA  are  the  second  order  in  zoology,  and  are  found  only  in  the  sea, 
and  never  as  detached  individuals,  but  as  a  community  imited  together  by  a 
living  membrane,  containing  the  cells,  within  which  the  polypes  retreat  at 
pleasure.     Fig.  11  will  better  explain  this  than  any  description. 

The  common  English  names  applied  to  different  groups  of  this  order  are 
expressive  of  their  general  appearance.  Thus  we  have  sea-pens,  sea-rushes, 
sea-paps,  dead-man*s-hands,  sea-shrubs,  and  sea-fans.  The  individuals  of 
one  family  (Pennatulida)^  comprising 
the  sea-pens  and  sea-rushes,  are  at 
times  bruliantly  luminous,  emitting  a  ^ 
phosphoric  light  whenever  they  are 
touched  or  in  any  way  irritated.  On 
some  parts  of  our  coasts  these  animals 
are  tolerablv  plentiful ;  at  other  parts  vV 
they  are  altogether  imknown.  The  '" 
most  common  species  of  sea-rush  ( Vir- 
gularia  mirahilis)  is  from  six  to  ten 
inches  in  length,  and  presents  a  very 
attractive  appearance,  but  faintly  in- 
dicated by  Fig.  11,  exhibiting  one  por- 
tion of  the  stem  and  its  plumules 
magnified. 

In  the  broad-spreading  lobes  of  the 
sea-fan  the  living  membrane  is  spread 
over  a  framework  composed  of  a  flexible 
substance  resembling  nom,  so  that  this 
zoophyte  bends  beneath  the  force  of 


Fig.  11. 


♦  **  See,  as  they  float  along,  th*  entangled  weeds 
Slowly  approach,  upborne  on  bladdery  beads ; 
Wait  till  they  land,  and  you  shall  then  behold 
The  fiery  sparks  those  tangled  &6nds  unfold—- 
Myriads  of  living  points ;  th'  unaided  eye 
Can  but  the  fire,  and  not  the  form  descry." 

The  Sofintgh.lj^^l^lX. 
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waves 


and  CTirrents,  just  as  the  hosier  does  before  the  tempest,  and  thus 
survives  unhurt.  The  red  coral  of  the 
Mediterranean  Sea  resists,  in  virtue  of  its 
short  stout  branches  ;  and  the  iris  unites 
tiie  strength  of  the  calcareous  skeleton  with 
the  flexibility  of  the  corneous  one  by  a 
curious  union  of  both  substances,  arranged 
in  alternate  joints.  Our  illustration  (Fig.  12) 
exhibits  the  exterior,  with  its  numerous  star- 
shaped  polypes';  and  the  singular  structure 
which  the  interior  of  the  stem  presents,  when 
part  of  the  fleshy  covering  is  removed,  is 
Fig.  13.         shown  in  Fig.  13. 


HELIAifTHOIDA. 

is  the  third  order,  and  denotes  that  the  animals  it  includes  bear  a  resemblance 
to  such  flowers  as  the  daisy,  tiie  marigold,  and  others,  which  the  botanist 
terms  **  compound."  The  little  rock-pools  round  our  coast  furnish  examples 
of  the  common  Sea-anemone  {Actinia  mesembryanthemum),  and  this  will 
suflBice  to  illustrate  some  of  the  most  striking  peculiarities  of  structure. 

At  low  water  it  appears  a  fleshy 
hemispherical  substance,  totally  inert, 
and  adhering  to  the  rock.  But  witii 
the  returning  tide  it  is  roused  again  to 
activity,  expands  its  disc,  and  presents 
once  more  the  appearance  of  a  "  living 
flower."     (Fig.  14.) 

When  disposed  to  change  their  place, 
they  have  different  means  of  doing  so. 
They  can  detach  themselves  from  the 
rock  to  which  they  are  attached  by  the 
base,  and  glide  along  until  they  reach 
the  spot  they  wish. 

As  to  food,  they  are  not  particular — 
any  marine  animal,  not.  too  bulky,  is 
sure  to  be  acceptable :  an  unwary  shrimp  or  crab,  seized  by  means  of  the 
adhesive  tentacida,  may  struggle  in  vain  to  escape,  and  is  soon  com- 
mitted to  the  capacious  stomach,  from  "whose  bourne  no  traveller  returns." 
The  shells  of  a  cockle,  reduced  into  a  soft  consistence,  are  rejected  from  the 
stomach  after  a  lapse  of  several  hours,  when  aU  the  nutritious  portion  of 
their  contents  has  been  extracted.  The  Sea-anemone,  therefore,  runs  no 
risk  of  dying  of  indigestion. 

The  Sea- anemones  possess  a  wonderful  power  of  enduring  abstinence,  and 
surviving  mutilation.  "  They  may  be  kept,"  says  Dr.  Johnston,  "  without 
food  for  upwards  of  a  year ;  they  may  be  immersed  in  water  hot  enough  to 
blister  the  skin,  or  frozen  in  a  mass  oi  ice,  and  again  thawed ;  and  they  may 
be  placed  within  the  exhausted  receiver  of  an  air-pump,  without  being 
deprived  of  life,  or  disabled  from  resuming  their  usual  functions  when 
placed  in  a  favourable  situation." 


Fig.  14. 
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The  facts  now  mentioned  give  an  idea  of  some  of  the  strnotural  pecu- 
liarities ^  the  Sea-anemones.  But  we  must  return  to  them  again,  and  view 
them  imder  other  aspects ;  for  to  this  order  belong  the  principal  builders  of 
those  Tasft  structures,  the  coral  islands  of  the  Pacmc. 


CHAPTEE  YI. 

CORAL  ISLANDS  AND  THEIR  BUILBERS. 

"Trees  of  the  deep,  and  shrubs,  and  fruits,  and  flowers, 
As  fair,  as  ours, 
A\^ herewith  the  sea-nymphs  love  their  locks  to  braid/* 

Southey's  Kehama, 

I  WOULD  now  wish  to  transport  my  readers,  ^*by  my  so  patent  art,"  from 
this  region  of  fog,  and  rain,  and  sleet,  to  one  of  the  sunny  isles  of  the  Pacific, 
with  its  azure  sky,  its  beach  of  glittering  white  sand,  its  snowy  breakers, 
and  the  "  deep  and  dark  blue  ocean"  beyond.  The  land  is  but  a  narrow, 
though  a  verdant  strip — it  is  annular,  or  ring-shaped,  in  its  form — decked 
with  the  foliage  of  lofty  cocoa-nut  trees,  and  the  ceartral  part  is  occupied  by 
the  smooth  water  of  a  lake,  or  lagoon,  communicating  with  the  sea.  We 
have  reached  a  coral  island.  lict  us  gaze  into  the  waters  around,  rich  in  lovely 
forms  of  animal  life. 

Some  species  of  zoophytes  select  the  tranquil  lagoon  for  their  abodes ; 
others  prefer  the  sea,  and  even  make  choice  of  that  portion  where  the  surf 
is  greatest.  This  may  seem  "  passing  strange,"  and  yet  it  is  a  well-ascer- 
tained fact.  The  great  mounds  of  living  corals  {Porites  and  Millepores) 
occur  exclusively  on  the  extreme  verge  of  the  reef,  which  is  washed 
by  a  constant  succession  of  breakers.  Such  is  the  case  at  the  island 
fcaown  as  Keeling  Atoll.  At  the  Maldiva  Atolls,  as  we  are  informed 
by  Darwin,  the  outer  margin  consists  of  living  corals,  and  here  the  surf 
is  so  tremendous,  that  even  large  ships  have  been  thrown,  by  a  single 
heave  of  the  sea,  high  and  dry  on  the  reef,  all  on  board  thus  escaping  with 
their  lives. 

Writers  seem  almost  to  vie  with  each  other  in  extolling  the  beautiful 
appearance  of  the  zoophytes  by  which  these  reefs  are  constructed.  **  Q,uand 
la  mer  est  calme,  c'est  un  spectacle  admirable  que  de  voir  les  belles  oouleurs 
veloutees  qu'ils  etalent :  elles  imitent  les  tapis  les  plus  riches  et  les  plus 
varies,"  is  the  language  of  Le  Sueur.  "  Where,"  says  Ehrenberg,  in 
speaking  of  those  of  the  lied  Sea,  **  where  is  the  paradise  of  flowers  that  can 
rival  in  variety  and  beauty  these  living  wonders  of  the  oeean  ?"  *'  There 
are  few  things,"  says  Captain  Basil  Hall,  **more  beautiful  to  look  at  than 
these  corallines,  when  viewed  through  two  or  three  fathoms  of  clear  and 
still  water.  It  is  hardly  an  exaggeration  to  assert  that  the  colours  of  the 
rainbow  are  put  to  shame,  on  a  bright  sunny  day,  by  what  meets  the  view 
on  looking  into  the  sea  in  those  fairy  regions."  Like  many  other  objecfts  <rf 
human  aoiniration  or  desiie,  they,  however,  look  most  attractive  at  a  little 
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ijistanoe.  If  removed  from  the  water  their  oharms,  bo^  of  foam  and  eolonv* 
ing,  disappear,  as  if  some  malignant  spirit  had  changed  to  slime  lire  seft* 
bom  blossom  we  had  snatched  from  its  native  bed. 

Among  those  flowers  are  many  that  remind  us  of  the  Sea-anemone  of  the 
little  rock-pools  of  our  own  ooaist.  Though  different  in 
species,  and  also  in  the  genera  to  which  they  belong,  they 
still  retain  a  family  likeness.  Most  of  them  are  not  s(di- 
tary  individuals  like  those  at  home,  but,  as  if  impressed 
wilii  the  truth  of  the  old  adage,  "  the  more  the  merrier," 
they  have  established  a  social  firatemity  with  a  commu- 
nity of  interests,  and  live  very  harmoniously  together. 
The  annexed  figure  will  serve  to  show  their  sociw>ility ; 
tmd  it  might  be  exemplified  by  many  ether  examples,  in 
which  the  individual  polypes  are  oifferently  arranged, 
and  construct  their  common  buildings,  or  common  skeleton, 
if  that  be  a  better  term,  after  a  different  fashion. 

If  we  could  suppose  that  any  of  these  living  blossoms 
were  admirers  of  Shakespeare,  we  might  fancy  they  had 
profited  by  Lady  Macbeth' s  advice,  "  Look  like  the  inno- 
oent  flower,  but  be  the  serpent  under  it ;"  for  some  of  them  ' 
sting  rather  severely.  Mr.  Darwin  mentions  that  he  was 
a  good  deal  surprised  at  meeting  two  species  of  MiUepores 
possessed  of  this  property.  When  a  branch  was  applied 
to  the  face  the  pain  was  instantaneous ;  it  increased  after  ^iff-  l^* 

a  few  seconds,  remained  sharp  for  some  minutes,  and  was  perceptible  for 
half  an  hour  afterwards.  The  sensation  was  as  bad  as  that  from  a  nettle. 
It  may  diminish  our  wonder  that  such  effects  could  be  produced,  when  we 
learn  that  an  apparatus  of  darts,  or  spicula,  and  poison  bags,  has  been 
observed  even  in  some  of  our  native  species  (and  also  in  the  Hydra)  ^  but 
their  powers  are  feeble  compared  with  those  of  their  tropical  cousins.  The 
scientific  name  for  the  common  Sea-anemone  of  our  coast  is  Actinia,  a  word 
which  signifies  **a  ray."  The  term  Actinoidea  has  been  applied  to  the 
group  in  which  all  those  zoophytes  that  resemble  the  Actinia  are  included. 
Some  do,  and  some  do  not,  possess  the  power  of  secreting  coral.  No  pec»^ 
liarities  of  structure,  either  external  or  internal,  distinguish  the  coral- 
secreting  polypes  from  the  others.  The  coral  itself,  in  the  living  zoo- 
phyte, is,  in  general,  wholly  concealed  within  the  polypes,  and  is  in  no  part 
external. 

On  looking  at  any  collection  of  corals,  we  are  impressed  with  the  idea  that 
some  of  them,  from  their  external  appearance,  may  have  been  caused  by  liie 
labour  of  a  single  polype,  while  others,  from  the  multitude  of  little  cells  or 
depressions  which  they  exhibit,  may  be  the  joint  production  of  a  multitude. 
And  this,  our  untaught  surmise,  wm  agree  with  the  actual  facts ;  for,  in  the 
marine  world  of  busy  arehitects  whence  the  corals  were  brought,  tiiere  are 
some  that  are  Lilliputian  in  their  size,  and  others  that  comparatively  belong 
to  the  kingdom  of  Brobdignag.  Some  are  solitary  polypes,  resembling  the  soft 
Actinia,  though  of  Iwger  dimensions ;  others  are  grouped  together  in  livii^ 
myriads — ^the  progeny  of  a  single  germ.  On  some  of  the  branching  oorak 
we  sometimes  notice  hundreds  of  little  cells  on  a  single  branch.  Each  e€ 
^tiiese  marks  ike  position  occupied  at  one  time  by  a  polype,  so  that,  by  eoont- 
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ing  them,  we  may,  if  we  please,  ascertam  the  number  of  flower-animals  by 
which  the  branch  was  constructed. 

The  principal  coral  builders  are  to  be  found  within  twenty-eight  degrees 
of  the  equator.  Some  of  them  have  such  a  partiality  for  warmth,  tiiat  they 
keep  to  that  portion  of  the  sea  where  the  temperature  is  so  high  as  eighty  to 
eighty-five  degrees  of  Fahrenheit,  and  might  be  looked  for  in  vain  where 
the  thermometer  is  lower  than  sixty-eight,  tiiat  being  tiie  winter  temperature 
of  the  sea  towards  the  outskirts  of  Sie  region  where  coral  reefs  abound. 
Other  species  may  be  sought  in  more  temperate  regions,  such  as  the  waters 
of  the  Mediterranean ;  and  some  in  northern  seas,  and  at  a  depth  of  several 
hundred  feet. 

In  general,  however,  the  range  of  depth  is  singularly  small ;  it  is  especially 
so  in  some  that  are  the  most  effective  coral  builders.  Most  of  those  belong- 
ing to  the  Madrepore  and  Astraea  tribes  are  found  within  sixteen  or  twenty 
fathoms  of  the  surface.  This  cannot  be  occasioned  by  the  diminution  of 
temperature  ;  it  may  be  attributed  in  part  to  the  decrease  of  light;  but 
more,  perhaps,  to  that  of  the  air  diffused  through  the  water.  The  condi- 
tions needful  for  the  vigorous  growth  of  coral  appear,  however,  so  complex, 
and  are  at  present  so  imperfectly  understood,  that  changes  not  obvious  to 
our  senses  might  destroy  the  coral  reefs  in  one  area,  and  give  occasion  to 
their  growth  in  another.  Hence,  as  Darwin  has  remarked,  "  the  Pacific  or 
Indian  Ocean  might  become  as  barren  of  coral  reefs  as  the  Atlantic  now  is, 
without  our  being  able  to  assign  any  adequate  cause  for  such  a  change." 

A  bank  of  coral,  comprising  species  belonging  to  several  genera,  offers  a 
curious  subject  for  comparison  in  the  mass  of  what  is  dead,  and  what  is  still 
living.  Mr.  Dana,  who  has  had  ample  opportunity  for  such  observations, 
remarks,  **  An  Astraea  dome,  twelve  feet  in  diameter,  although  solid  coral 
through  its  interior,  is  alive  for  only  one-half  or  three-fourths  of  an  inch 
from  the  surface;  so  that  the  live  portion,  could  it  be  separated,  would  form 
a  thin  hollow  hemisphere.  Even  the  branching  Madrepores  are  usually 
lifeless  along  the  axis  of  the  branches  ;  and  in  the  Porites,  whether  forming 
a  branch  half  an  inch  in  diameter,  or  a  glomerate  mass  of  twenty  feet,  the 
polypes  do  not  extend  within  beyond  two  lines.  The  interior  is  dead  coral, 
the  former  animal  tissues  of  which  have  dried  up." 

The  branching  or  columnar  coral  zoophytes  are  not  only  dead  along  the 
axis,  but  they  become  throughout  dead  at  the  bottom,  after  attaining  a 
certain  height.  The  addition  of  an  inch  at  the  apex  is  death  to  an  inch 
below.  Some  Gonipores,  which  grow  in  columns  two  feet  or  more  in 
height,  have  a  head  of  live  polypes,  a  capital  to  the  column,  of  only  two  or 
three  inches. 

Upon  this  principle  of  growing  and  dying  depend  the  vast  power  and 
geological  innuence  of  the  coral  polype.  But  a  few  lines  in  height  them- 
selves, they  would  otherwise  be  limited  in  their  coral-making  to  as  many 
inches  at  the  most,  and  what  is  now  styled  the  coral-garden  would  be  but 
a  bed  of  mosses  or  incrusting  lichens.  Like  the  sphagnous  moss  of  a  peat 
swamp,  coral  zoophytes  continue  growing  at  the  top,  with  none  the  less 
luxuriance,  though  supported  on  several  feet  of  a  lueless  trunk.  Death 
follows  on,  ^^  aequo  puhat  pede  ^^  up  the  stem  of  a  zoophyte,  ^^regumque 
turres,^' 

Having  thus  glanced  at  the  habits  and  distribution  of  some  of  the  coral 
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polypes^  and  the  manner  in  which  life  and  death  are  mingled  in  their 
dwelling-places,  we  are  prepared  to  turn  our  attention  to  me*  numerous 
islands  and  reefs  of  the  Pacific  and  Indian  Oceans,  and  inquire  how,  under 
the  dispensations  of  Providence,  the  power  of  consolidating  structures  so 
vast  can  be  exercised  by  beings  so  feeble  ?  How,  by  the  mere  abstraction 
of  particles  of  carbonate  of  iSne  from  tiie  sea  water,  can  these  soft-bodied 
creatures  build  up  reefs  and  islands,  the  marvel  of  the  navigator,  the  theme 
of  the  poet,  the  object  of  the  highest  philosophical  interest  to  the  geologist 
and  to  the  zoologist  ?  To  Mr.  Darwin  belongs  the  honour  of  propoundii^  a 
theory  which  has  met  with  general  acceptance  among  men  of  science,  and 
which  is  applicable  to  all  the  diversified  forms  of  coral  reefs  and  islands. 
From  an  extended  series  of  observations,  he  feels  himself  warranted  in 
asserting — 

1st.  That  the  polypes  most  efficient  as  coral-builders  cannot  exist  at  a 
greater  depth  than  twenty  or  thirty  fathoms. 

2nd.  That  the  polypes  thrive  best  at  the  outer  edge  of  the  reef,  where  the 
water  is  highly  aerated,  and  where  food  is  most  abundant. 

3rd.  That  the  Pacific  and  Indian  Oceans  have  extensive  areas  both  of 
elevation  and  of  subsidence  as  regards  the  crust  of  the  earth ;  and  these 
areas,  or  bands,  are  alternate. 

Taking  for  granted  that  those  conclusions  are  correct,  let  us  see  in  what 
manner  they  are  applicable  to  the  different  kinds  of  coral  formations. 

Let  A,  in  the  annexed  diagram,  represent  the  highest  point  of  an  island, 

in  a  part  of  the  sea  where  Hie  depth 
does  not  exceed  twenty  or  thirty 
fathoms.  .  In  such  a  case  the 
labours  of  the  polypes  would,  in 
time,  construct  a  baik,  or  wall  of 
coral,  marked  C,  which  would  rise 
to  the  surface  of  the  water,  and 
form  a  fringe  round  the  island. 
This  would  be  termed  a  "  fringing 
reef."  Strictly  speaking,  such  reefs  are  never  attached  to  the  shore,  for  the 
water  is  there  turbid,  and,  as  already  stated,  the  corals  flourish  most  at  the 
outer  edge. 

If  now  the  island  sank  gradually,  at  a  rate  not  greater  than  that  at  which 
the  polypes  could  work  upwards  ;  or  if  it  experienced  a  series  of  subsidences, 
subject  to  the  same  limitation,  the  outer  margin  would  regain  the  surface, 
and  its  living  mass,  bathed  by  the  ceaseless  surf,  luxuriate  above  the  mass 
of  lifeless  coral  beneath.  The  island  ^- 
would  now  seem  reduced  in  size ;  the  | 
edge  of  the  coral  bank  would  form 
a  barrier  to  ships  approaching  the 
land.  This  would  oe  termed  a 
** barrier  reef;"  and  between  the 
reef  and  the  shore  would  be  an  ex- 
panse of  still  water  (Fig.  17). 

Let  these  ojjerations  proceed  still 
further;  the  island  would  become 
entirely  submerged,  and  in  time  surmounted  by  the  coral  formation,  which, 
increasing  as  before  most  rapidly  at  the  outer  edge,  would  contain  within 
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its  bosom  a  shallow  late  (Fig.  18).     This  would  be  the  lagoon;  the  coral 

island  would  be  that  known  as  the 
AtoU,  or  Lagoon  island. 

Where  the  fringing  reef  oecnrs,  it 
may  be  considered  as  indicating  that 
the  crust  of  the  eartii  underneath  is 
stationary,  or  has  risen.  The  barrier 
leef,  on  the  contiary,  indicates  sub- 
sidence ;  and  the  Atoll  maj  be  re- 

garded  as  a  monument  raised  by 

j'ig   18  coral  builders  ov^r  land  entombed 

beneath  the  ocean,  as  if 

^  To  inark  where  on  island  had  been.' ' 

All  the  active  volcanoes  scattered  over  the  Pacific  and  Indian  Oceans  are 
found  within  the  areas  of  elevation ;  the  Atolls  within,  those  of  subsidence. 

During  its  process  upward,  the  coral  reef  has  its  vacant  spaces  filled  up 
by  the  (Ubrh  carried  tmther  by  the  waves,  and  occasionafly  by  dead  coral. 
Occasionally,  however,  large  quantities  of  carbonate  of  lime — the  products  of 
decomposed  shells  and  corals,  and  produced  by  chemical  precipitation — ^fiU 
up  the  interstices,  and  form  in  the  ccMral  reef  masses  of  very  compact  lime- 
stone. Branching  corals,  and  other  organic  remains,  may  tihus  be  inclosed 
in  a  solid  cement,  and  become  portions  of  a  rocky  mass.  In  general,  the 
dead  coral  is  protected  from  injury  by  minute  mcrusting  corals.  These 
"  make  the  surface  their  restine-place  as  soon  as  it  is  laid  bare,  and  go  on 
spreading  and  covering  the  dead  trunk,  and  so  prevent  the  wearing  action  of 
tne  sea.  The  Madrepore  may  thus  continue  to  enlarge  beyond  its  adult  size ; 
the  CaiTophyllia  may  multiply  almost  endlessl}^  its  cylindrical  branchings, 
although,  the  living  animal  but  tips  the  extremities  of  each ;  for  protection 
is  given  at  once,  when  needed,  and  the  polypes  die  only  to  leave  the  surface 
to  other  forms  of  life  more  varied,  and  no  less  strange."* 

From  the  variety  and  succession  of  animal  life,  let  us  contemplate  its 
amount  at  only  one  period,  and  limited  to  only  a  single  coral  of  the  mighty 
pile.  "  The  domes  of  the  Astra3as  are  of  perfect  symmetry,  and  often  grow 
to  a  diameter  of  ten  or  twelve  feet  without  a  blemish.  The  ruder  hillocks 
of  Porites  are  sometimes  twenty  feet  across."-|- 

**  Each  one  of  these  compoimd  zoophytes  commenced  from  a  single  polype ; 
bud  followed  bud,  and  so  the  germ  grew  up  into  the  coral  tree,  or  dome 
Calculating  the  number  of  polypes  that  are  united  in  a  single  Astraea  dome 
twelve  feet  in  diameter,  each  covering  a  square  half  inch,  we  find  it  exceed- 
ing one  hundred  thousand ;  and  in  the  Porites  of  the  same  dimensions,  in 
which  the  animals  are  under  a  line  in  breadth,  the  nimiber  exceeds  five  and 
a  half  millions :  there  are,  consequently,  five  and  a  half  millions  of  mouths 
and  stomachs  to  a  single  zoophyte,  contributing  together  to  the  growth  of 
the  mass." 

The  train  of  thought  awakened  by  these  statements  is  essentially  poetic, 
and  has  been  beautifully  expressed Iby  the  gifted  author  of  the  ''Pelican 
Island."     (See  page  210.) 

*  Dona,  page  M,  t  Ibid.,  page  60. 
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Let  us  look  at  the  coral  island  at  a  later  period.  On  its  shores  are  shell- 
jGlsh  of  various  kinds,  sea-urchins  and  other  marine  animals,'  while  its  lagoon 
contains  inhabitants  peculiarly  its  own.  Nor  are  these  merely  animals,  such 
as  the  humble  zoophytes  we  have  been  considering ;  there  are  others  which 
make  them  their  prey,  and  live  upon  them.  Numbers  of  lish  of  the  genus 
Sparus  feed  exclusively  on  the  living  coral.  At  Keeling  Island  there  are 
two  species  of  them,  both  of  a  splendid  bluish-green  colour  ;  and,  strange  to 
say,  one  species  lives  invariably  in  the  lagoon,  and  the  other  amongst  the 
outer  breakers.  Whole  shoals  of  them,  we  learn  from  Mr.  Darwin,  may  at 
times  be  seen  browsing  with  their  strong  bony  jaws  on  the  tops  of  the  coral 
branches.  Turtles  frequent  the  smooth  water,  and  a  crab  which  grows  to 
a  great  size,  and  which  shall  be  mentioned  hereafter,  breaks  open  the  shell 
of  the  cocoa-nut,  and  feasts  upon  the  kemeL 

The  vegetation,  too,  is  peciuiar,  from  seeds  which  must  have  been  trans- 
ported by  the  waves  of  the  sea,  and  accordingly  "has  quite  the  character 
of  a  refuge  for  the  destitute."*  It  has  been  conjectured  that  many  of  those 
seeds,  before  germinating,  must  have  travelled  between  1,800  and  2,406 
miles  !t  The  ocean,  which  supplied  to  the  coral  workers  their  food  and  the 
material  for  their  structure,  thus  convey^  the  seeds  which  are  to  cover  the 
infant  isle  with  verdure. 

To  trace  further  the  progress  of  the  coral  island  would  here  be  out  of 
place ;  and  equally  so  would  it  be  to  speculate  on  the  changes  with  regard 
to  the  Pacific  and  Indian  Oceans  that  future  ages  may  witness,  when  what 
are  now  but  low  coral  reefs  may  become  lofty  niountain  summits,  and  cal- 
careous deposits,  now  silently  in  course  of  formation,  may  constitute  a  i^rt 
of  the  mineral  riches  of  wide-spreading  and  populous  continents.  The 
labours  of  zoophytes,  humble  as  those  here  described,  began  in  the  earliest 
ages  of  animal  Hfe  upon  the  earth,  and  during  aU  its  mutations  have  never 
ceased,  though  transferred  to  new  theatres  of  action.  Wherever  they  have 
been,  they  have  left  enduring  monuments  behind ;  and  Science  has  taught 
us  to  read  in  part  the  inscription  which  tells  of  their  remote  antiquity. 
There  is  a  fossil  coral  reef  at  the  Falls  of  Ohio,  Louisville ;  and  Sir  Charles 
Lyell,  at  the  house  of  Dr.  Clapp,  compared  a  group  of  these  ancient  corals 
with  a  set  of  recent  corals  from  the  Indian  seas.  "  No  one,"  says  he,  "  but 
a  zoologist  would  have  l)een  able  to  guess  which  set  were  of  modem  asd 
which  of  ancient  origin.  Yet,  so  old  ai*e  the  fossils,  that  they  are  referrible 
to  an  era  antecedent  to  the  Alleghanies,  the  Alps,  and  the  ryrenees ;  nay, 
even  to  the  time  when  by  far  the  greater  part  of  the  materials  compofling 
these  mountain  chains  were  slowly  elaborated  beneath  the  ocean. "J 

Here  let  us  pause,  and  ponder  on  that  Almighty  Power  which,  ages  before 
man  was  created,  prepaa-ed  the  earth  for  his  habitation,  and  stored  it  with 
countless  gifts.  One  of  these  is  the  limestone  rock,  whether  formed  cf 
corals,  or  of  shells,  or  of  particles  which  have  lost  all  trace  of  their  origin. 
In  that  inanimate  mass,  no  less  than  in  the  blooming  plant  and  the  living 
animal, — 

"  Man  may  read 
The  Maker's  hand,  intelligence  supreme, 
TJnbaunded  power,  on  all  his  works  impressed 
In  characters  coeval  witb  the  sun. 
And  with  the  sun  to  last." — Milton, 

*  Darwin's  Journal. .  f  Mem,    { •**  Second  Visit  to  the  United  States,"  voL  ii.,  p.  278. 
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CHAPTER  YII. 

OeDEB  IV. — ASCIDIOIDA. 

"  As  soft  and  fair  to  eye 
As  e*er  was  mossy  bed 
"Whereon  the  wood  nymphs  lie." — Southey, 

If  we  turn  to  the  proceedings  of  the  police  courts,  we  occasionally  are  edified 
with  a  description  of  some  fashionably-attired  individual,  brought  forward 
as  Capt.  de  Vere,  alias  the  Hon.  Augustus  Howard,  alias  Sir  Phelim  O'JNTeill, 
and  are  told  how  each  additional  cuias  was  regarded  by  the  worthy  magis- 
trates on  the  bench  as  **  confirmation  strong  "  of  the  evil  intemtions  of  the 
prisoner.  If  my  present  clients,  zoophytes  of  the  highest  rank,  were  to  be 
judged  by  a  similar  test,  they  would  most  probably  be  set  down  as  very  sus- 
picious cnaracters ;  for  they  have  been  spoken  of,  written  of,  and  published 
to  the  world,  as  Polyzoay  alias  Bryozoa^  alias  Ascidioiday  alias  Ciliohrachiata, 
Yet  these  titles  severally  express  some  peculiarity  of  structure,  habit,  or 
appearance,  which  has  been  considered  worthy  of  being  expressed  by  a  dis- 
tinct name.  The  terms  just  enumerated  imply  that  these  creatures  are 
found  living  together  in  numbers — ^that  they  incrust  other  animals  or 
bodies  in  the  manner  of  moss — that  they  have  a  resemblance  to  those 
molluscous  animals  which  are  without  shells,  and  aie  invested  with  a  horny 
or  leathery  covering,  such  as  the  Ascidia — and  that  they  have  the  arms 
covered  with  cilia,  in  that  particular  differing  from  any  of  the  polypes  we 
have  yet  been  considering. 

The  use  of  scientific  terms  is  rather  repulsive  to  the  young,  and  for  that 
reason  they  shall  be  but  sparingly  employed;  and  when  introduced  the 
meaning  shall,  ia  all  case^,  be  given.  They  cannot  be  passed  over  and 
altogether  omitted ;  nor  is  it  desirable  that  they  should,  for  a  knowledge  oi 
them  is  in  many  ways  of  importance.  They  often  convey,  in  one  word,  a 
meaning  which  womd  require  several  distmct  English  words  to  express ; 
and  being  derived  in  most  instances  from  the  Greek  and  Latin  tongues,  they 
are  understood  by  well-educated  men  in  every  part  of  the  world.  The 
language  of  science  is  not  English,  or  French,  or  German ;  it  is  not  the 
dialect  of  any  one  nation,  but  is  a  language  common  to  scientific  men,  no 
matter  to  what  country  they  belong.  But  for  this  kind  of  universal 
language,  it  is  obvious  that  great  confusion  would  ensue  in  the  terms 
employed  by  scientific  men,  and  that  discoveries  made  in  one  country  would 
remain  unknown  or  imperfectly  understood  in  another.  Science,  however, 
extends  her  sway  over  all  the  kingdoms  of  the  earth  wherein  civilized  man 
is  found,  and  to  some  extent  bestows  upon  her  subjects  the  community  oi 
intercourse  arising  from  the  use  of  a  common  language. 

Let  not  my  young  friends,  then,  be  frightened  when  they  now  and  then 
meet  with  a  "  hard  "  word ;  it  is  not  in  reality  half  so  **  hard  "  as  it  looks. 
Let  them  be  content  to  pause  for  a  little,  and  imderstand  what  it  means  ; 
once  that  is  done,  the  diflSlcuTty  is  surmounted,  and  will  never  trouble  them 
again.    If  they  only  face  it  manfully,  success  is  certain.    Just  as  in  those 
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delightful  tales  of  enchanted  castles,  defended,  as  we  have  read  in  our  boy- 
hood, not  by  giants  only,  but  by — 

"  Gorgons,  and  Hydras,  and  Chimseras  dire  :" 

if  the  knight  lost  heart,  he  was  at  once  overpowered ;  but  if  he  marched 
boldly  onward,  the  monsters  fled  at  his  approach,  and  the  castle  was  won. 

Returning  from  this  digression,  it  may  be  remarked,  that  although  it  is 
found  convenient  to  speak  of  polypes  of  the  present  order  along  with  other 
zoophytes,  their  many  and  strong  points  of  resemblance  to  the  ascidian 
molluscs  had  induced  some  of  those  naturalists  who  had  given  most  consi- 
deration to  the  subject  to  come  to  the  conclusion  that  their  true  place  should 
be  among  the  mollusca.  But  no  trace  of  a  nervous  system  had  been  dis- 
covered, and  no  change  in  the  existing  arrangement  was  therefore  made. 
In  fact,  none  has  been  made  up  to  the  present  time ;  but  their  place  is  no 
longer  a  matter  of  uncertainty,  or  one  resting  on  theoretical  inference ;  for 
at  tiie  meeting  of  the  British  Association,  held  at  Birmingham  in  1 849,  Dr. 
A  11m  an  read  a  paper,  showing-  the  existence  of  a  nervous  system,  and  the 
distribution  of  the  nerves  in  some  polypes  of  this  order,  rrofessor  Milne 
Edwards  then  remarked,  that  **  Professor  Allman's  discoveries  in  the 
anatomy  of  the  Bryozoa  left  no  longer  any  doubt  of  the  true  position  of  these 
animals ;  that  they  were  constructed  in  every  respect  on  a  true  moUuscan 
type,  and  must  henceforth  be  referred  to  the  genuine  mollusca." 

None  of  the  animals  of  this  order  are  found  separate  or  naked,  but  are 
always  placed  within  the  cells  of  a  common  dwelling,  or  polypidom.  Some- 
times they  incrust  dead  shells  with  a  beautiful  lace-work ;  sometimes  Ihey 
enamel  the  surface  of  the  larger  sea- weeds ;  and  at  other  times,  as  in  the 
example  annexed  (Fig.  19),  they  assume  a 
plant-like  form,  and  are  known  by  the  name  of 
**  sea-mats."*  Though  the  entire  substance  is 
not  thicker  than  a  sheet  of  letter-paper,  it  con- 
tains rows  of  cells  on  each  side.  These  cells 
differ  in  shape  in  different  species :  in  one  that 
is  common  on  many  parts  of  the  coast  {Flustra 
truncata)  they  exhibit,  when  magnified,  the 
appearance  represented  in  Fig.  20. 

In  such  structures  the  number  of  cells  may 
well  be  supposed  to  be  very  great.     It  is  so, 
even  in  species  that  have  cells  on  one  side  only, 
such  as  the  Flustra  membranacea,  which  forms 
Fie.  19  Tie  20       *  S^^^^'^^  incrustation  on  the  fronds  of  the 

®*  *  larger  sea- weeds.  The  Rev.  Dr.  Landsborough 
mentions  his  having  seen  a  specimen  of  this  zoophyte  &ye  feet  in  length,  and 
eight  inches  in  breadth.  And  he  adds,  "As  every  little  cell  had  been 
inhabited  by  a  living  polype,  by  coimting  the  cells  on  a  square  inch,  I  calcu- 
lated that  this  web  of  silvery  lace  had  been  the  work  and  habitation  of  above 
two  millions  of  industrious,  and,  we  doubt  not,  happy  inmates ;  so  that  this 
single  colony  on  a  sabmarine  island  was  about  equal  in  number  to  the 
popidation  of  Scotland." 
It  is  not  a  little  curious  to  consider  that  creatures  so  minute  as  these 

*  Genus  JFlmtra^-^  word  ctonyecl  from  the  Saxon,  and  ngnifjiog  "  to  weave." 
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diould^  in  some  points,  be  so  highly  organized,  that  Professor  Owen,  after 
giving  structural  details  which  would  here  be  out  of  place,  remarks  that 
they  "present  an  alimentary  canal  as  complicated  and  as  highly  elaborated 
as  in  the  bird."  And  perhaps  it  is  even  more  curious,  and  far  more 
interesting  to  reflect  on  the  fact  that  these  microscopic  polypes,  though 
fettered  in  their  mature  condition  to  one  spot,  and  wtolly  incapable  of 
change,  enjoyed  for  a  brief  period,  as  ciliated  gemmules,  the  power  of 
locomotion — that  being  the  means  appointed  for  their  dispersion  and  distri- 
bution. There  is  a  species  described  by  Mr.  Hassall,  the  gemmules  of  which 
are  of  such  a  size  as  to  be  seen  by  the  unassisted  eye,  and  which  perform 
liieir  evolutions  with  great  ease  and  rapidity.  "  They  may  be  often  seen  to 
run  along  the  water  in  a  straight  line  for  several  inches,  at  a  pace  which 
w«mld  far  outstrip  the  fleetest  Newmarket  racer — the  relative  sizes  of  the 
two  creatures  being  taken  into  consideration.  And  it  is  not  a  little  curious 
to  observe  that,  no  matter  how  many  ova  may  be  moving  about  in  the 
same  space,  still  they  never  come  in  contact,  appearing  to  avoid  teach  other 
as  carefuUy  as  though  they  were  possessed  of  eyes." 

Some  ascidian  zoophytes  are  found  in  fresh  water,  and  eadiibit  a  beautiful 
horse-shoe  crescent  of  tentacula. 

I  have  but  another  remark  to  make ;  it  is  that  some  of  these  ascidian 
polypes  are  possessed  of  luminosity,  in  that  respect  resembling  some  of  those 
previously  noticed.  Of  one  such  species  (bearing  the  name  Memhranipora 
stellatu),  Dr.  Landsborough  happily  remarks,  that  on  being  bent  or  shaken, 
it  "  became  doubly  entitled  to  the  name  of  stellated ;  for  every  polype 
in  its  cell  lighted  up  a  very  brilliant  little  star,  and  for  a  short  time  the 
p<^ypidom  became  like  an  illuminated  city." 

As  many  of  these  animals,  and  others  to 
be  named  hereafter,  live  "fuU  fathoms  five" 
under  the  sea,  and  must  be  sought  for  oc- 
casionally at  depths  of  twenty  or  thirty 
fathoms,  or  even  more,  it  may  naturally  be 
asked.  By  what  means  are  they  to  be 
reached?  The  instrument  most  efiective 
for  this  purpose  is  cheap,  simple,  and  easilv 
managed.  It  is  known  as  the  Naturalist  s 
Dredge,  or  as  Ball's  Dredge,  so  called  from 
Dr.  Ball,  of  Dublin,  the  gentleman  by  whom 
it  has  been  brought  to  its  present  state  of 
portability  and  usefulness. 

The    upper    part    consists    of    an    iron 

rim    of  four    sides,  to  which    a    bag  of 

fine   network  or  open  canvas  is  attached 

(Fiff.    21).     The    two    longest   sides    are 

'  twdve  inches  each  in  length,   the  shorter, 

or   connecting   sides,    three   inches.     The 

longer  sides  are  thick  below,  and  "bevelled" 

away  above.    Attached  to  the  shorter  sides 

are  two  arms,  which  are  united  together  above  by  a  scarew  passing  through 

a  ling,  and  van  bo  separated  at  pleasure.    These  arms  are   attached  by 

pivots  to  the  side,  so  that  they  timi  with  ease,  and  thus  adapt  tiiemselves 

to  the  Taxying  position  oi  the  dxedgeXj  the  greater  ox  le^^  lei^^tih  of  his  rope, 


Fig.  21. 
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and  the  quicker  or  slower  moyemeiLt  of  the  boat.  Possessing  this  simple 
means  of  adjustment,  the  dredge,  attacked  by  a  rope,  which  the  dredger 
holds  in.  his  hand,  is  slowly  dragged  along  the  bottom,  and  marine  produc- 
tions of  various  kinds  collected  in  its  net  or  bag. 

One  or  two  small  wire  sieves  of  different  degrees  of  fineness  are  convenient 
for  receiving  the  contents  of  the  dredge  when  pulled  up,  and  giving  facilities 
for  washing  them  from  mud  and  sand,  and  separating  the  more  delicate 
specimens  from  those  by  which  they  might  be  injured.  I  have  found,  also, 
a  small  basket,  with  ^visions,  such  as  those  used  by  wine-merchants  for 
keeping  bottles  from  coning  into  contact,  very  useful  and  convenient  for 
holding  in  safety  a  few  open-mouthed  glass  jars,  to  which  living  specimens 
might  be  at  once  transferred,  and  kept  alive  in  sea- water  for  examination. 
One  single  **  haul "  of  the  dredge  will  sometimes  furnish  occupation  for  suc- 
cessive days. 

And,  as  I  am  speaking  of  implements,  I  may  mention  another,  which  is 
even  more  portable,  and  more  easily  managed— a  towing-net.  A  hoop  of 
stout  brass  wire,  about  equal  in  diameter  to  the  crown  of  a  man's  hat,  can 
be  procured  almost  anywhere.  A  bag  of  open  canvas,  or  any 
similar  material,  is  sewed  round  this  hoop,  and  three  strings 
attached,  as  shown  in  the  annexed  sketch  (Fig.  22).  They 
are  joined  to  a  cord,  which  may  either  be  held  in  the  hand  or 
tied  round  any  convenient  part  of  the  boat.  On  a  fine  summer 
day  such  a  net  can  be  used  without  toil  or  trouble  ;  its  contents 
can  be  transferred  to  the  glass  jars  filled  with  sea- water ;  and 
endless  is  the  variety  of  lovely  animated  forms  that  will  thus 
present  themselves  to  the  eye  of  the  observer. 

This  simple,  inexpensive,  and  easily-managed  apparatus  I 
would  venture  to  recommend  to  all  who  spend  a  portion  of  tiie 
summer  months  at  the  sea-side.  It  will  open  to  them  a  new 
source  of  amusement,  and  tempt  them  onwards  in  the  investi- 
gation of  nature.  I  have  known  a  lady  to  convert  an  old  veil 
into  a  most  eiBGective  towing-net,  and  have  seen  her  chimney- 
piece  decorated  with  living  blossoms  not  less  beautiful  than 
those  of  the  parterre.  There  are  some  of  those  sea  animals  so 
transparent  that  they  appear  like  crystals  endued  with  life, 
and  moulded  into  beauty ;  and  I  trust  a  time  is  now  coming 
when  the  knowledge  of  them  will  not  be  confined  to  the  man  of 
science,  but  extended  to  all  who,'  with  pure  eyes  and  simdle 
hearts,  look  abroad  on  the  fair  face  of  creation ;  and,  in  the 
rippling  wave  of  the  summer  sea,  no  less  than  in  the  daisy-spangled  lawn, 
seek  out  the  marvels  with  which  they  are  replete,  and  feel,  while  doing  so, 
the  deep  significance  of  the  words^  *'  Tho  sea  is  His,  and  He  made  it,  and 
His  hands  prepared  the  dry  land." 


Fig.  22. 


CHAPTER  VIII. 

CLASg  rV. — R1DI4SIA,  OB  Ri.TED  AjSINLAJUk 

The  figure  of  a  Star-fish  was  introduced  at  page  278  as  an  ^xafcxc^^^^l^^tisa^ 
i&  mesmthy  a  rayed  or  xadSated  aninaal.    ^e»  uatN^  uoiii  x^a^^w^  ^^aa&\ft 
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whicli  the  Star-fish  belongs,  and  as  the  rayed  appearance  here  attains  its 
highest  degree  of  development,  to  this  group  the  title  JRadiaria  is  given. 
Here  are  found  those  creatures  which  may  be  regarded  as  the  representations 
or  types  of  the  Radiate  animals,  such  as  the  Star-fish,  with  its  rays  or  arms 
round  a  centre  ;  and  the  Sea-urchin,  with  its  rows  of  little  knobs  and  spines 
diverging  from  a  central  spot.  There  are,  however,  other  animals  which  are 
not  furnished  with  a  hard,  leathery,  or  prickly  covering ;  but,  on  the 
contrary,  are  soft  and  jelly-like,  such  as  those  which  are  known  round  the 
coast  by  the  names  of  Jelly-fish,  Sea-jellies,  or  Sea-blubber.  In  them,  how- 
ever, there  are  rays  proceeding  from  the  centre  to  the  circumference,  like  the 
radii  of  a  circle,  so  that  they  ^so  belong  to  this  division.  The  difference  in 
structure  and  covering  points  out,  however,  a  very  natural  division  of  the 
class ;  just  as  if  it  were  arranged  that  two  corps  intended  to  live  under  very 
different  circumstances  should  each  bear  its  distinctive  uniform,  adapted  to 
the  exigencies  of  the  service,  and  the  safety  and  comfort  of  its  members. 
The  spine- covered  Radiaria  form  a  group  whose  duties  are  performed  about 
the  shores,  or  at  moderate  distances  from  land,  and  at  fathomable  depths. 
The  gelatinous  JRadiariay  on  the  contrary,  have  as  their  dwelling 

"  The  sea,  the  sea,  the  open  sea." 

Shakespeare  tells  us  of 

'^  A  mermaid  on  a  dolphin's  back, 
Uttering  such  dulcet  and  harmonious  breath, 
That  the  rude  sea  grew  civil  at  her  song ; 
And  certain  stars  snot  madly  from  their  spheres. 
To  hear  the  sea-maid's  music." 

I  will  not  venture  to  affirm  that  these  stars  were  changed  into  Sea-iellies 
and  Star-fishes,  and  that  this  is  the  reason  they  still  retain  a  certain  degree 
of  resemblance  to  their  original  form.  But  1  may  assert  that  the  common 
names,  both  in  our  own  and  in  foreign  dialects,  evmce  a  popular  recognition 
of  a  real  or  supposed  likeness.  Such  an  idea  must  have  been  in  the  mind  of 
the  poet  Montgomery  when  he  penned  the  lines — 

"  The  firmament 
"Was  throng' d  with  constellations,  and  the  sea 
Strewn  with  their  images." 

Let  us,  however,  now  regard  them,  not  with  the  eye  of  the  poet,  but  with 
that  of  the  naturalist. 

Oedeb  Acaleph^,  oe  Sea-Nettles. 

**  Far  as  the  breeze  can  bear,  the  billows  foam, 
Survey  our  empire,  and  behold  our  home ! 
These  are  our  realms."— Bykon. 

I  was  staying  with  my  family  at  the  sea-side  during  the  summer  months, 
and  was  returmng  home  one  evening,  when,  as  I  approached  the  door,  ] 
heard  loud  and  violent  crying.  Quickening  my  steps,  I  found  the  cries  pro- 
ceeded from  one  of  my  boys,  a  little  fellow  about  eight  years  old.  He  was 
sitting  in  the  hall  more  than  half  undressed,  and  roaring  with  pain.  I  found 
he  had  been  bathing,  and  had  been  severely  stung  by  a  jelly-fish.  These 
creatures  have  long  been  celebrated  for  tlus  stix^^ing  poirer.    It  ?ras  well 
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known  to  the  old  Greek  naturalists,  who  gave  to  the  order  the  scientifio  name 
Acalephcs,  signifying  a  nettle,  a  term  which  they  still  retain  as  their  dis- 
tinctive appellation. 

But  although  some  species  might,  because  of  this  power,  be  justly  raised 
"  to  that  bad  eminence,"  the  name  is  not  restricted  to  them ;  and  hence  the 
innocent  are  confounded  with  the  guilty.  Not  more  than  three  or  four 
species  of  those  known  on  the  British  coasts  do  in  reality  sting ;  all  the  rest 
are  harmless. 

The  appearance  of  the  large  tawny-coloured  species,  when  seen  in  the 
water,  on  a  fine  summer  or  autumn  day,  is  extremely  beautiful,  as  it  grace- 
fully moves  by  the  contraction  and  expansion  of  tne  outer  margin  of  the 
"  umbrella,"  or  disc,  exhibits  its  fringed  margins,  and  rises  to  the  surface, 
or  sinks  at  pleasure  beneath.  Earlier  in  the  year  we  may  find  our  boat  sur- 
rounded by  others  marked  with  purple  circles,  and  so  numerous  are  these 
jelly-fishes  that  on  some  occasions  its  progress  is  even  retarded  by  the  resist- 
ance they  offer.  Our  walks  along  the  shore  furnish  us  with  examples  of 
many  hundreds  of  both  kinds  stranded  on  the  beach,  and  known  by  the 
classic  appellation  of  Medusae. 

It  is  curious  to  examine  one  of  these  ffreat  pads  of  jelly,  and  find  how 
little  solid  matter  it  contains.  One  tested  by  Professor  Owen  weighed  two 
pounds  at  the  time  of  its  removal  from  the  sea ;  but  when  the  watery  parts 
were  drained  away,  and  the  remaiader  dried,  there  remained  but  a  thin 
membrane  not  exceeding  thirty  grains  in  weight.  This  remarkable  peculi- 
arity is  so  little  known,  that  I  shall  extract  from  Patterson's  Zoology  for 
Schools  the  following  iQustrative  anecdote  : — "  An  eminent  zoologist,  now  a 
professor  in  one  of  the  English  universities,  had  been  delivering  some  lec- 
tures in  a  seaport  town  in  Scotland,  in  the  course  of  which  he  had  adverted 
to  some  of  the  most  remarkable  points  in  the  economy  of  the  Acalephse. . 
After  the  lecture,  a  farmer  who  had  been  present  came  forward  and  inquired 
if  he  had  understood  him  correctly,  as  having  stated  that  the  Medusas  con- 
tained so  little  of  solid  material  that  they  might  be  regarded  as  little  else 
than  a  mass  of  animated  sea- water  ?  And  on  being  answered  in  the  affir- 
mative, he  remarked  that  it  would  have  saved  him  many  a  pound  had  he 
known  that  sooner,  for  he  had  been  in  the  habit  of  employing  his  men  and 
horses  in  carting  away  large  quantities  of  jelly-fish  from  the  shore,  and 
using  them  as  manure  on  ms  mrm,  and  he  now  believed  tiiey  could  have 
been  of  little  more  real  use  than  an  equal  -weight  of  sea- water.  Assuming 
that  so  much  as  one  ton  weight  of  Medusae  recently  thrown  on  the  beach  had 
been  carted  away  in  one  load,  it  will  be  found  that,  according  to  the  experi- 
ments of  Professor  Owen,  the  entire  quantity  of  solid  material  would  be  only 
about  four  pounds  of  avoirdupois  weight,  an  amount  of  solid  material  which, 
if  compressed,  the  farmer  might,  with  ease,  have  carried  home  in  one  of  his 
coat  pockets !" 

As  the  Medusa  moves  gracefully  through  the  water,  we  might  suppose  that 
the  entire  of  the  disc,  or  **  imibrella,"  contracted  and  expanded.  But  this  is 
not  the  case ;  it  is  the  part  round  the  margin  that  alone  possesses  this  con- 
tractible  power.  The  lower  surface  of  the  body  has  a  fine  network  of  vessels, 
wherein  tiie  circulating  fluids  are  exposed  to  the  vivifying  influence  of  the 
oxygen  of  the  water.  Each  movement  becomes,  therefore,  an  act  of  respira- 
tion :  hj  the  same  impulse  it  both  breathes  and  moves.  This  beautiful  and 
economic  arrangement  has  suggested  the  application  of  a  term  by  which  this 
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peculiarity  is  indicated.  The  tribe  has  been  termed  Pulmograde,  from  two 
Latin  -woms,  pulmOf  a  lung,  and  gradior,  I  advance.  Analogous  terms,  some  oi 
which  will  be  mentioned  in  the  next  chapter,  have  been  suggested  by  peeu- 
liarities  in  the  mode  of  locomotion  observable  in  other  tribes. 

The  sexes  in  the  Medusae  are  distinct.  From  the  eggs,  while  yet  within 
the  ovaries  of  the  mother,  the  young  are  developed,  and  pass  into  pouches 
observable  on  the  lower  surface  of  the  body.  Each  of  these  four  pouches 
is  a  nursery,  where,  secure  from  harm,  the  first  stages  of  helpless  infancy 
are  passed;  here  the  young  become  covered  with  the  minute,  hair-like 
bodies  called  cilia,  and  are  thus  enabled,  when  they  forsake  the  parent,  to 
swim  about  in  the  water.  We  read  with  interest  and  wonder  of  the  mar- 
gupial  pouch  of  the  kangaroo,  where  the  immature  youne;  is  nourished :  here 
is  an  analogous  contrivance,  belonging  to  an  animal  of  humble  rank,  living 
by  thousands  on  our  own  shores. 

Let  us  now  pursue  the  progress  of  the  young  Medusa.  After  swimming 
about  for  some  time  under  the  form  shown  at  Fig.  23,  it  fastens  itself  to 
some  fixed  object  (Fig.  24),  and  four  arms  are  gradually  developed,  which  are 
succeeded  by  four  more  (Fig.  25),  so  that  in  ten  days  from  the  time  it  left  the 
parent  receptacle  it  is  furnished  with  ei^ht  arms,  which  are  busily  employed 

in  the  capture  of  food.  At  first  it 
swam  about  in  the  manner  of  a  x>oly- 
^astric  animalcule ;  now  it  catches 
its  prey,  moored  like  one  of  the 
Rotifera,  and  employing  its  arms 
like  one  of  the  hydrafoi:m  polypes. 
Sometimes  it  sends  out  wnat  in  a 
strawberry  plant  would  be  termed  a 
runner — sometimes  buds  grow  from 
When  the  body  has  attained  its  full  length,  wrinkles  are 
formed  round  the  body  (Fig.  27J ;  these  increase  in  depth,  until  the  segments 
of  the  body  seem  almost  detaoned,  or  resembling  a  pile  of  cups  (Fig.  28). 
Finally,  these  separate ;  each,  after 
certain  intermediate  changes,  puts  on 
the  form  shown  in  Fig.  29,  and  becomes 
converted  into  the  common  Medusa  of 
our  shores.  Medusa  aurtta,  with  the 
four  purplish  heart-shaped  markings. 

In  the  latter  months  of  summer  the 
ova  are  mature;  the  young  become 
fixed  in  the  autumn ;  pass  the  winter 
in  the  polype  condition ;  appear  again 
in  the  immature  state  in  spring,  and 
increase  to  their  full  size  as  the  sum- 
mer advances.  The  series  of  changes 
is  truly  wonderful ;  so  much  so,  that 
if  it  were  not  given  on  the  testunony 
of  several  distinct  observers  of  high 
character,    its    accuracy    might     be 

doubted.  It  may  be  summed  up  thus.  „.  ^^  „.  ^^  ^.  „^ 
-1.  The  Medusa  produces  eg|s.  2.^^K- ^7.  Fig.  29.  Fig.  28. 
^^  eggs  produce  Infusoria.     3.  The  infasoiia  fiz  and  beoome  hydroid 


Fig.  23.    Fig.  24. 
its  side  (Fig.  26). 


Fig  25.      Fig.  26. 
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Polypes.  4.  The  hydroid  polypes  produce  Medussa.  For  fuller  informatiaa 
the  reader  is  referred  to  one  of  the  publicatioiis  of  the  Ray  Society,  Steen- 
strup,  On  the  AUernation  of  Generations, 

The  Medusae  we  have  been  considering  are  of  large  size.  At  certain  dis- 
tances round  their  margins  they  have  eye-like  bodies,  which  are  regarded  as 
light-perceiving  organs  of  a  rudimentary  kind  ;  and  these  are  protected  by 
hoods,  or  coverings.  There  are,  however,  numerous  species  small  in  size, 
more  simple  in  structure,  and  with  the  eyes  unprotected.  •  I  would  wish  to 
introduce  these  animals  to  my  readers  by  extracting  a  few  passages  iKxai  the 
highly  interesting  and  valuable  monograph  of  Professor  Edward  Forbes  on 
the  "Naked-eyed  MedussB,"  another  of  the  Ray  Society's  volumes. 

The  accompanying  %ures  will  show  that  among  the  naked-eyed  Medusa 
there  exists  considerable  difference  of  form. 
Fig.  30  is  an  enlarged  representation  of 
Modeeria  formosa ;  but  wanting,  of  course, 
the  bright  crimson  tints  that  decorate  the 
original.  Professor  Forbes  states  that  it  was 
taken  by  him  and  his  friend,  Mr.  McAndrew, 
off  Mull,  in  the  Hebrides,  and  thus  introduces 
it  to  his  readers : — "  The  largest  objects  are 
not  always  the  most  beautifid.  Little  dia- 
monds may  sparkle  brighter  than  the  monster 
gems  of  a  regal  crown.  There  is  not  a 
Medusa  in  all  the  ocean  which  can  match, 
for  beauty,  with  the  minute  creature  now 
before  us,  though  its  smallness  is  such  that  a 
split  pea  would  overtop  it.  Yet,  small  though 
it  be,  it  has  shape,  colour,  and  substance  so 
disposed,  that  as  yet  no  explorer  of  the  sea 
has  met  with  another  like  it.  It  is  gorgeous 
enough  to  be  the  diadem  of  the  smallest  of 
sea-fairies,  and  sufficiently  graceful  to  be  the 
night-cap  of  the  tiniest  and  prettiest  of  mer- 
maidens.^' 

^^*  ^'  The  next  is  a  figure  (Fig.  31),  of  Thtm- 

mantias  pilosetta,  which  sometimes  attains  the  diameter  of  two  inches.    Of 
this  genus  Professor  Forbes  describes  no  less  than  seventeen  British  species* 

They  swarm  in  countless  myriads  in 
our  bays  and  harbours,  and  are  one  of 
tiie  most  usual  causes  of  the  beautifal 
phenomenon — ^the  phosphorescence  of 
the  sea. 

The  classic  reader  may  perhaps  take  a 
greater  interest  in  the  naked-eyed  Me- 
dusae, if  he  be  told  that  ^ '  several  of  th^n 
are  now  known  to  multiply  tiiieir  kind 
by  germination,  little  ones  springingoat 
almost  ready  made  from  the  suostanoe 
of  their  parents,  as  Minerva  budded  on 
the  creative  brain  of  Jupiter.  This  mode 
of    propagation    by   gemmation 


Pig.  31. 


long  supposed^  among  Badiata  to  be  an  ^speoial  priyile^  «^  ^s^i^a^s^o^^^ 
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the  true  zoophyte ;  but  the  march  of  discovery  and  the  revolutions  of  science 
do  away  wim  such  artificial  distinctions,  though  the  recognition  of  them  in 
their  time  gave  no  small  impulse  to  the  onward  progress  which  was  eventually 
to  destroy  them." 

The  development  of  the  young  becomes  peculiarly  interesting  when  con- 
trasted with  what  has  been  stated  of  the  larger  Medusas ;  and  curious  enough, 
they  spring  from  different  parts,  such  as  the  ovaries,  the  stomach,  which 
forms  a  part  of  the  peduncle  hanging  from  the  lower  surface  of  the  umbrella, 
and  even  from  the  bulbous  base  of  each  of  the  ten  taenia  which  fringe  the 
margin.  After  describing  in  detail  this  latter  mode,  as  observed  by  him  in 
Sarsia  prolifertty  Professor  Forbes  remarks : — "  What  strange  and  wondrous 
changes !  Fancy  an  elephant  with  a  number  of  little  elephants  sprouting 
from  his  shoulders  and  thighs,  bunches  of  tusked  monsters  hanging  epau- 
lette-fashion from  his  flanks  in  every  stage  of  advancement !  Here  a  young 
pachyderm,  almost  amorphous — there  one  more  advanced,  but  all  ears  and 
eyes ;  on  the  right  shoulder  a  youthful  Chuny,  with  head,  trunk,  toes,  no 
legs,  and  a  shapeless  body ;  on  the  left  an  ini'ant,  better  grown,  struggling 
to  get  away,  but  his  tail  not  sufSciently  organized  as  yet  to  permit  of 
liberty  and  free  action.  The  comparison  seems  grotesque  and  absurd,  but  it 
really  expresses  what  we  have  been  describing  as  actually  occurring  among 
our  naked-eyed  Medusae." 

Well  may  we  doubt  if  the  line  of  separation  between  the  Zoophytes  and  the 
Medusae  is  a  legitimate  boundaiy,  and  can  be  rationally  maintained.  Sir 
John  Dalzell,  in  his  Rare  and  Memarkahh  Animals  of  Scotland^  mentions 
that  from  an  hydroid  zoophyte,  "  a  colony,  computed  at  130  individuals,  of 
the  Medusa  octlia,  was  produced  in  four  or  ^yq  aa.j8 ;  and  there  are  grounds 
for  assuming  that  successive  colonies  come  from  the  same  specimen  of  the 
zoophyte."  If  future  research  should  prove  that  our  present  ideas  respecting 
the  classification  of  these  animals  is  incorrect,  we  must  not  hesitate  to  throw 
them  aside.  **Free  and  unprejudiced  spirits  will  neither  antiquate  truth 
for  the  oldness  of  the  notion,  nor  slight  her  for  looking  young,  or  bearing  the 
face  of  novelty."* 

The  use  of  the  little  towing-net  may  perhaps  enable  some  of  my  readers 
to  capture  naked-eyed  Medusae  for  examination  in  the  course  of  some  sum- 
mer's ramble.  They  will  then  observe  that  the  eyes  of  different  species  are  of 
very  different  colours — purple,  orange,  and  yellow ;  and  with  regard  to  num- 
ber, Argus,  the  hundred-eyed,  must  yield  to  one  at  least  of  "  those  dark- 
eyed  beauties,"  for  it  can  boast  of  twice  as  many.  Or  if  you  should  desire 
to  witness  a  tragic  scene  on  a  small  scale,  you  may  become  a  spectator  of  the 
doings  of  another  species  [Steenstrupia  ruhra)^  which  is  only  about  the  one- 
eighth  of  an  inch  m length.  **Itis,"  says  Forbes, f  "very  active  and 
tenacious  of  life;  before  dying  assuming  all  manner  of  strange  shapes, 
-doubling  itself  up,  and  turning  its  organs  inside  out  in  a  terrific  manner, 
giving  up  the  ghost  with  convmsions  as  fearful  as  those  of  a  popular  actor 
in  the  death  scene  of  a  tragedy."  Or  should  you  desire  to  witness  the  union 
of  qualities  that  are  rarely  combined  in  the  same  individual,  endeavour  to 
secure  some  specimens  of  Sarsia  tuhulosa^  a  species  that  at  times  is  taken 
rather  abundantly  on  some  parts  of  the  coast.  "  Being  kept,"  says  Pro- 
fessor E.  Forbes,  "  in  a  jar  of  salt  water  with  small  Crustacea,  they  devoured 

*  JSenrjrMore,  bom  1614,  died  1687,  one  ot  \iie  e«t\aft«fc'E%\\o'^ofthe  Eoyal  Society. 
t  Jl^umaniias  meUmcps,  Forbes,  p.  46. 
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these  animals,  so  much  more  highly  organized  than  themselves,  voraeionsly, 
apparently  enjoying  the  destruction  of  the  unfortunate  members  of  the  upper 
classes  with  a  truly  democratic  relish.  One  of  them  even  attacked  and  com- 
menced the  swallowing  of  a  Lizzia  octopunctata,  quite  as  good  a  Medusa  as 
itself.  An  animal  which  can  pout  out  its  mouth  twice  the  length  of  its 
body,  and  stretch  its  stomach  to  corresponding  dimensions,  must  indeed  be 
*  a  triton  among  the  minnows,'  and  a  very  terrific  one  too.  Yet  is  this 
ferocious  creature  one  of  the  most  delicate  and  graceful  of  the  inhabitants  of 
the  ocean — a  very  model  of  tenderness  and  elegance.'' 


CHAPTER  IX. 

OeDEE  VI. — ACALEPH^. — ClUOGEADES. 

"  0  happy  living  things !  no  tongue 
Their  beauty  might  declare." — Colebidge. 

If  on  a  fine  summer's  day  your  boat  should  be  gliding  gently  along— or, 
better  still,  if  your  boat  should  be  anchored  where  the  tide  is  flowing,  you 
will  at  times  see  a  large  jelly-fish  floating  on  the  surface,  and  borne 
unresistingly  along  by  the  current.  Under  such  circumstances  it  recalls  to 
the  imaginative  mind  the  words  of  the  poet : — 

"  Still  must  I  on ;  for  I  am  as  a  weed 
Flung  from  the  rock,  on  ocean's  foam  to  sail. 
Where'er  the  surge  may  sweep — ^the  tempest's  breath  prevail." 

And  we  might  fancy  that  the  very  individual  we  looked  upon,  or  others  o* 
the  same  species,  might  thus  be  conveyed  to  any  latitude.     But  we  should 
be  wrong ;  these  children  of  the  ocean  have  their  appointed  range.     The 
laws  of  geographical  distribution  confine  them  within  certain  limits,  and 
they  but  rarely  venture  beyond  the  boundary.     It  is  this  circumstance  that 
invests  with  interest  the  advent  to  our  shores  of  the  Phy- 
salia,  or  Portuguese  man-of-war ;    and  makes  a  fleet  of 
the  little  Velella,  with  their  snowy  sail-like  crests,  be  re- 
garded with  the  same  mixed  feeling  of  admiration  and 
wonder  that  is  inspired  by  the  arrival  of  some  bright- 
plumaged  bird    from  other  lands.     The    Physalia,  the 
Velella,   and  others  belonging  to  the  order  Acalepha, 
might  here  be  dwelt  upon,  but  that  I  prefer  occupying 
the  brief  space  at  my 
disposal  wim  a  descrip- 
tion of  creatures  that 
may  be  sought  for,  and 
not  in  vain,  on  many 
parts  of  our  coast  during 
the  summer  months. 

Instead  of  moving  by  p-     oq 

the  contraction  and  ex-  ^^S'  ^^* 

pansion  of  the  marginal  disc,  like  the  jelly-fishes,  the^ 
move  by  means  of  cilia^  and  haixsi^  Xi^'sa  *Cafe  ^^^^^S^^aictfs^^ 
Some  are  not  TmcomDioily  «^c>\&feT\.  ol\ys[  ^'^  ^£s3Bas^^^sss5?^> 


Fig.  32. 
of  "  Ciliogrades.*' 
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whieh  belongs  to  one  of  the  genera,  and,  like  the  term  Medusa,  is  of  olassic 
origin,  as  it  was  applied  to  one  of  the  fabled  sea-nymphs. 

Two  species  happen  to  have  fallen  especially  under  my  notice,  and  a 
description  of  their  habits  and  peculiarities  may  serre  to  illustrate  some  of 
the  most  interesting  points  in  the  economy  of  their  respectiye  families. 

If  the  little  towing -net  (Fig.  22,  p.  303)  be  gently  drawn  after  a  boat,  in 
fine  summer  weather,  among  the  creatures  taken  in  it  may  be  some  of  the 
shape  and  size  shown  in  the  preceding  page  (Fig.  32).*  They  are  trans- 
parent, gelatinous,  and  so  yery  fragile  that  some  little  skill  is  necessary  to 
transfer  them  safely  from  the  towing-  net  to  the  glass  vessels  of  sea- water 
in  which  they  should  be  kept.  But  once  there,  the  form  of  the  body  is 
striking,  and  its  movements  peculiar,  being  caused  by  the  action  of  eight 
bands  of  cilia,  extending  over  two  -thirds  of  the  longer  diameter  of  the  body. 
Their  position  as  regards  each  other,  and  their  arrangement  on  the  oval 
body  of  the  animal,  will  be  understood  by  a  reference  to  Fig.  33,  which 
represents  the  body  as  seen  from  beneatn.  There  is,  however,  nothing 
about  them  which  will  arrest  the  attention  so  much  as  four  ear-shaped  ap- 
pendages, or  tentacula.  These  are  fringed  with  beautifully  fine  cilia,  and 
are  ever  changing  in  form.  They  may  be  seen  pointed,  erect,  and  hoUowed 
longitudinally,  like  the  ears  of  a  horse,  or  somewhat  ftmnel-shaped,  and 
occasionally  either  flattened  or  concave,  with  the  extremity  rounded.  At 
times  their  position  is  horizontal ;  at  others  they  hang  loosely  down,  like 
the  ears  of  a  lap-dog,  or  are  curved  like  the  petals  of  the  martagon  lily. 

These  tentacula  issue  from  four  circular  orifices.  Round  each  of  these 
apertures  is  a  whitish  cord-like  body,  fringed  with  cilia.  "When  the 
body,  owing  to  its  great  delicacy,  is  broken  up  by  the  tossing  of  tempestuous 
waves,  or  from  other  causes,  these  ciliated  rings  retain  for  many  hours  the 

full  play  of  their  cilia,  and  thus 
propelled,  move  about  with  ceaseless 
activity.  The  first  evening  I  thus 
saw  one  of  them,  I  fancied  I  had 
caught  a  nondescript,  and  felt  rather 
disappointed  when  a  little  further 
examination  showed  what  it  really 
was. 

In  the  side  view  of  the  animal 
(Fig.  33),  the  mouth,  which  is  at 
the  upper  part  of  the  body,  could  not 
be  shown.  Adjoining  to  it  are  two 
prominent  lobes,  which,  however, 
differ  very  much  at  different  times 
as  to  their  form  and  extent. 
Fig.  34.  Another  species,  which  in  many 

localities  is  much  more  abundant,  is  most  commonly  about  the  size  of  a  boy  s 
marble,  and  shaped  like  an  apple,  whence  it  has  obtained  its  specific  name 
—pomtformisj  or  apple-shaped  (Fig.  34).  It  is  of  much  firmer  consistence 
than  the  other,  and  more  vigorous  in  its  movements.  These  are  accom- 
plished by  means  of  eight  bands  of  cilia,  which,  by  their  action,  remind  the 

•  This  is  a  lateral  Tiew.  For  many  details  not  here  given,  vide  Trans.  B.^!.  Academy, 
vol.  xix.,  Papers  on  Cydippe pomifcirmis  vad.  Bolrna Mibernwa, 
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beholder  of  the  paddle-wheels  of  a  steamboat.  But  how  poor  is  man's 
mechanism  compared  with  that  which  they  display!  Each  of  the  eight 
bands  of  cilia  can  in  a  moment  be  stopped  or  brought  into  action,  and  the 
rapidity  of  the  movement  regulated  at  the  pleasure  of  the  animal.  Aqueous 
currents  may  be  seen,  by  means  of  the  microscope,  ascending  and  descend- 
ing along  the  bases  of  these  bands  of  cilia,  forming  the  propelling  power. 
The  Fig.  35  is  a  magnified  view  of  a  portion  of  one  of  these 
bands.  To  appreciate  them  fully,  they  must  be  seen  in  motion, 
when  at  every  sti'oke  in  the  water  uiey  give  rise  to  a  beau- 
tiful iridescence,  and  the  creature  swims  surrounded  by  a 
bri^iant  halo  of  rainbow  tints,  bc«*n  and  dying  at  each  fresh 
impulse. 

This  species,  Cydippe  pomiformisj  usually  swims  with  the 
mouth  upwaids,  though  at  times  it  performs  such  gambols 
and  somersaults,  that,  like  the  brewer's  horse  in  the  song, 
it  turns  the  head  where  the  tail  should  be.  The  food  appears 
to  consist  of  small  Crustacea,  which  it  bolts  without  cere- 
mony. In  most  cases  when  food  is  swallowed  we  have  no 
longer  cognizance  of  it,  and  can  speak  of  it  only  from  its 
effects.  But  here,  owing  to  the  transparency  of  the  animal, 
brown  or  greenish  Crustacea,  recently  swallowed  and  still 
living  and  moving,  may  be  distinctly  seen  within  the  stomach, 
until,  as  the  process  of  digestion  goes  on,  they  gradually  dis-  Fig.  35. 
appear. 

If,  however,  the«Beroes  feed  upon  small  Crustacea,  they  in  turn  furnish  a 
supply  of  food  to  creatures  more  powerful  than  themselves.  I  have  seen 
two  of  them  swallowed  by  an  Actinia,  or  Sea-anemone,  in  the  course  of 
twenty  minutes.  Kext  morning  portions  of  the  bands  of  cilia  smd  more 
solid  parts  of  the  Beroes  were  observed  rolled  together,  and  adhering,  with 
some  darkish-coloured  pellets,  to  the  filaments  of  the  Actinia,  whence,  after 
some  time,  they  were  thrown  off.  On  another  occasion  one  of  the  small 
naked-eyed  Medusso  closed  its  arms  on  a  Beroe,  but  I  am  shocked  to  say 
that  the  embrace  was  not  a  loving  one,  for  the  Medusa  had  cut  **  a  huge 
half- moon,  a  monstrous  cantle,  out"  of  the  body  of  its  unfortunate  victim. 
.But  let  not  my  fair  readers  sorrow  too  deeply  at  such  a  catastrophe,  for  the 
Beroe  seemed  quite  unconscious  of  its  loss,  and  swam  about  as  merrily  as 
ever. 

On  each  side  of  the  body  is  a  tubular  cavity,  from  which  a  long  filament 
can  be  projected.  These  filaments,  or  tentacula,  are  sometimes  so  much  as 
four  or  five  inches  in  length,  and  are  furnished  along  one  side  with  smaller 
filaments,  perhaps  half  an  inch  in  length,  and  of  a  delicate  pinkish  colour. 
There  are  sometimes  so  many  as  forty  or  fifty  of  these  on  one  tentaculum: 
when  coiled  up  they  appear  like  beads,  and  most  usually  some  are  in  this 
state,  and  others  waving  freely  about.  In  this  respect,  however,  they  are 
incessantly  varpng ;  and  the  teniacula,  to  which  they  are  attached,  are  at 
the  same  time  continually  assuming  new  aspects,  being  retracted  either 
separately  or  together,  and  thrown  out  in  the  same  diversified  manner.  It 
is  scarcely  possible  to  convey,  by  any  description,  an  idea  of  the  beauty  and 
diversity  of  their  forms.  They  seem,  endued  with  exijuisite  sensibility, 
which,  however,  is  not  always  equally  delicate.  At  times  the  slightit 
touch  will  cause  a  tefUwulum  to  be  drawn  back  into  its  tube  with  a  suddsn 
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jerk;  at  other  times  it  is  apparently  unfelt.  What  is  the  use  of  these 
singular  organs  ?  is  a  question  more  easily  asked  than  answered.  It  has 
been  supposed  that  they  are  used  in  the  capture  of  food ;  hut  as  yet  this  is 
only  a  supposition.  Though  I  have  had  hundreds  of  specimens  in  my  pos- 
session in  a  living  state,  and  watched  them  narrowly,  I  never  had  the  good 
fortune  to  see  the  tentacula  so  employed.  They  were  sometimes  extended  to 
the  sides  or  bottom  of  the  glass  vessels,  and  formed  fixed  points  of  support, 
so  that  the  Cydippe,  like  a  fairy  bark,  seemed  to  ride  at  anchor,  moored  by 
cables  as  complex,  yet  as  delicate,  as  any  of  those  that  the  attendants  on 
Titania  ever  fabricated. 

Lamarck  observes — "Les  Beroes  sont  tr^s-phosphoriques ;  ils  brillent 
pendant  la  nuit,  comme  autant  de  lumi^res  suspendues  dans  les  eaux ;  et 
leur  clart§  est  d' autant  plus  vive  que  leurs  mouvements  sont  plus  rapides." 
They  do  not  appear,  however,  to  emit  this  light  at  all  times  and  seasons.  I 
have  shaken  the  vessel  in  which  the  Cydippes  were  confined,  and  failed  to 
produce  any  phosphorescence,  and  have  even  plunged  the  animal  into  fresh 
water  with  no  better  result.  In  general,  however,  the  light  is  freely  given 
out  when,  by  any  means,  a  slight  irritation  is  applied.  On  one  occasion  I 
had  twenty  or  thirty  of  the  larger  species  in  an  opaque  vessel,  in  a  dark 
cellar.  On  agitating  the  water  the  whole  contents  of  the  vessel  became 
lighted  up  so  completely  as  to  render  all  the  adjacent  objects  visible  for  a 
moment.  On  touching  them,  light  was  invariably  given  out  from  beneath 
the  bands  with  increased  brilliancy,  every  portion  of  the  cilia  beinjg  dis- 
tinctly exhibited,  with  a  splendid  greenish  lustre,  as  beautiful  as  it  was 
evanescent.  It  was  impossible  to  behold  these  bodies  of  innocuous  fire, 
floating  amid  the  brightness  which  they  themselves  difiused,  and  not  feel 
that  to  convey  an  adequate  idea  of  their  beauty  would  be  a  task  more  fitted 
for  the  imagery  of  the  poet  than  the  language  of  the  naturalist. 

If  an  incision  be  made  in  the  body  of  a  Beroe  when  dead,  and  the  watery 
particles  allowed  gradually  to  evaporate,  the  bands  of  cilia  and  the  tentacula 
will  appear  as  if  painted  in  a  confused  manner  on  the  surface  whereon  the 
body  has  been  placed,  and  when  perfectly  dry  can  be  removed  by  a  touch, 
as  completely  as  if  they  had  never  formed  a  portion  of  animated  exist- 
ence. 


CHAPTER  X. 

OkDEE  yill. — ECHINODEEMATA. — StAE-FISHES. 

**  Come  unto  these  yellow  sands, 
And  then  take  hands.** — Shaxespeabe. 

A  FAEBT  TALE. 

Once  upon  a  time  there  grew  beneath  the  waters  "of  the  sea  a  delicate- 
looking  little  plant.  It  had  a  spreading  base,  and  a  stem  surmounted  by 
many  branches ;  yet  so  tiny  were  its  dimensions,  that  the  piece  of  gold  which 
mor&ls  caU  a  "  sovereign  "  would  be  sufficient  to  cover  half  a  aozen  such 
miniature  trees.   There  it  grew,  surrounded  by  the  strange  and  varied  forms 
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that  decked  the  ocean  bed,  and  visited  by  divers  creatures  that  crept  or 
swam  at  pleasure.  Here  the  noise  of  the  tempest  never  penetrated,  and  the 
sea  at  that  region  of  depth  was  at  all  seasons  calm  as  a  sleeping  infant.  Yet 
the  little  tree  was  not  content.  It  longed  to  see  those  wonders  of  which  it 
had  only  heard.  It  wished  to  rise  to  the  surface,  and  feel  the  rippling  breeze 
as  it  passed  along,  and  to  know  from  its  own  experience  what  was  meant  by 
"  tossing  billows."  It  had  heard  from  a  commimicative  Beroe  of  the  glories 
of  a  summer  sky^  and  a  diminutive  jelly-fish  had  told  of  the  starry  splen- 
dour of  an  autumn  night.  A  star-fish  had  given  origin  to  a  rumour  that 
there  was  a  limit  to  the  waters  of  the  ocean ;  and  a  crab,  who  had  been  a 
great  traveller,  asserted  that  he  had  walked  upon  the  place  where  the  sea 
ended,  and  what  he  called  "land"  began;  but  this  was  set  down  on  all 
hands  as  a  traveller's  story.  The  discontent  of  the  little  tree  increased ;  and 
we  all  know  that  this  is  a  feeling  which  "  grows  by  what  it  feeds  on."  It 
sought  out  information  about  its  predecessors,  and  the  collateral  branches  of 
its  family ;  but  what  it  leamea  rather  increased  its  dejection,  for  it  dis- 
covered that  some  ancient  members  of  the  family  had  been  giants,  compared 
with  its  own  diminutive  proportions.  This  went  on  for  some  time,  until 
one  of  those  beneficent  sea-nymphs,  that  had  not  then  forsaken  the  waters  of 
our  globe,  asked  it  so  kindly  what  were  its  troubles,  that  the  little  tree 
made  a  frank  and  full  confession  of  them  all.  "  I  cannot,"  said  the  com- 
passionate nymph,  **  cause  your  root  to  loosen,  and  bid  you  and  your  pos- 
terity be  free ;  neither  can  I  restore  to  you  the  stature  that  other  members 
of  your  race  enjoyed  in  an  earlier  period  of  this  earth's  history ;  but  what  lies 
within  the  compass  of  my  power  shaU  be  done.  I  shall  remove  from  your 
stem  the  spreaiung  head  with  all  its  arms  uninjured.  I  shall  endow  it  with 
new  life,  and  give  it  powers  of  motion,  so  that  it  may  rise  to  meet  the  upper 
air,  swim  where  it  listeth,  and  even  visit  the  boundary  of  the  sea,  though 
perilous  it  is  to  do  so.  I  give  to  you  power  of  growtn, 
that  your  arms  may  increase  to  fifty  times  their  pre- 
sent size.  These  gifts  shall  be  continued  to  your  off- 
spring ;  but  each  of  them  must,  like  yourself,  pass  the 
early  stages  of  its  life  fixed  to  one  spot,  and  present 
the  same  tree-like  as^ct  that  you  yourself  eidiibit." 
The  nymph  smote  with  her  wand  the  upper  part  of 
the  stem ;  it  broke  off ;  ten  boughs,  suddenly  gifted 
with  power  and  flexibility,  became  converted  into  arms ; 
the  head  of  the  Uttle  tree  changed  into  a  swimming 
animal,  and  went  on  its  way  rejoicing.  Its  progeny, 
to  this  day,  assume  at  first  the  plant-like  appearance 
of  their  parents,  and  at  a  certam  state  of  maturity 
are  changed,  like  it,  into  free  and  independent  crea- 
tures. 

Some  Fadladeen  of  criticism  may,  perhaps,  exclaim, 
"  What  nonsense  is  all  this !  Why  should  the  pages  of 
the  Home  Tutor  be  occupied  with  a  nursery  tale?" 
Pardon,  most  learned  critic ;  I  have,  under  the  guise 
of  a  fairy  tale,  been  telling  some  of  the  sober  facts  of  science. 

The  foregoing  figure  (Fig  36)  is  the  littie  tree  in  its  young  state.  You  may 
count,  if  you  please,  its  ten  spreading  arms ;  or,  to  speak  more  correctly,  ^\^ 


Fig.  36. 
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aims  that  become  forked  near  the  base,  and  appear  as  ten.  The  other  figure 
(Fig  37)  is  the  animal  in  its  mature  condition,  at  which  time  it  is  known  to 

naturalista  as  the  "Rosy  Feather 
Star"  (^Comatula  rosacea) ^  a  creature 
inhabiting  our  own  seas,  and  which, 
perhaps,  some  of  my  readers  may  pro- 
cure during  their  visits  to  the  sea-side. 
Not  only  is  my  tale  true  as  regards 
the  changes  which  the  present  race 
imdergoes,  but  true  also  as  to  the  dimen- 
sions of  tJiose  that  lived  in  remoter 
periods  of  the  world. 

They  lived  and   died  rooted  to  one 
spot ;  and  large  tracts  of  land  are  com- 
posed wholly  of  their  remains.      The 
beautiful  appearance    their    skeletons 
^^S-  37.  present  has  caused  them  to  be  popularly 

known  as  "  Stone-lilies."  The  naturalist  adopts  the  idea,  and  entitles  them 
"Crinoid,"  that  is  to  say,  "Lily-like"  ster-fishes.  All  possessing  a 
similar  sliucture,  whetiier  fixed,  like  those  of  Old  Time,  on  our  own  coasts, 
and  some  tropical  species  yet  living,  or  fast  moored  at  one  period,  and  free  at 
another,  like  those  now  found  in  European  seas,  are  included  in  this 
family. 

The  arms  are  composed  of  perforated  calcareous  joints,  which,  when  found 
as  fossils,  and  in  detached  fragments,  are  known  by  the  common  EneUah 
name  of  "  Wheel-stones  ;"  and  in  some  parts  of  the  north  of  England  by 
that  of  "  St.  Cuthbert's  Beads." 

The  Star-fishes  belonging  to  the  next  family  have  a  roundish  central 
body,  and  five  long  tapering  arms,  each  of  which  bears  some  resemblance  to 
the  tail  of  a  serpent.  From  this  circumstance  the  name  OphiuridcB  has 
been  applied  to  the  group;  the  word  ophiura  meaning  a  serpent's  tail. 
These  star-fishes  differ  exceedingly  in  size ;  and  some  of  them  are  so  small 
that  if  the  creature  would  be  so  obliging  as  to  pull  in  his  arms  when  you 
desired  it,  a  silver  fourpence  would  cover  the  body  and  the  five  tapering 
arms.  One  evening  towards  sunset  I  was  strolling  with  some  children 
on  the  beach,  prying  into  the  little  rock-pools  as  we  wont  along,  when  sud- 
denly I  was  desired  to  look  at  some  curious  little  things  that  were  waving 
amid  the  common  coralline  of  the  pools.  I  did  so,  and  found  they  were 
the  arms  of  a  small-sized  star-fish  [Ophiocoina  neglect  a).  Many  of  my 
readers  may  not  have  the  opportunity  of  seeldng  for  them  in  such  situations  ; 
yet,  by  enlisting  the  aid  of  their  cook,  they  may  now  and  then  procure 
species  of  great  rarity.  One  of  these,  a  minute  species,  with  long  arms,  and 
a  body  only  one -eighth  of  an  inch  in  diameter  {Ophiocoma  punctataY  is 
thus  mentioned  by  Professor  Forbes  in  his  History  of  British  Star- 
fishes : — 

"  The  stomachs  of  fishes  are  often  zoological  treasuries.  The  haddock  is  a 
great  conchologist  In  his  travels  through  the  country  of  the  mermaids  he 
picks  up  many  curiosities  in  the  shell  way.  Not  a  few  rare  species  have 
been  discovered  by  him  ;  and  the  ungrateful  zoologist  too  frequently  de- 
seribes  novelties,  without  an  allusion  to  the  original  discoverer.  As  hadoocks 
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are  not  in  the  habit  of 'writing  pamphlets  or  papers,  the  fraud  remains  xm- 
discoyered,  greatly  to  the  detriment  of  science  ;  for  had  the  describer  stated 
to  whom  he  was  indebted  for  his  specimens,  we  could  form  some  idea  of  its 
habitat  and  history,  whether  littoral  or  deep  sea — yery  important  points  in 
the  economy  of  MoUusca — importaut  not  only  to  the  malacologist,  but  also 
to  the  geologist.  Like  the  haddock,  the  cod  also  is  a  great  naturalist ;  and 
he,  too,  carries  his  deyotion  to  our  dear  science  so  far  as  occasionally  to  die 
for  its  sake,  with  a  new  species  in  his  stomach,  probably  with  a  yiew  to  its 
being  described  and  figured  by  some  competent  authority.  The  cod  is  not 
so  much  deyoted  to  the  Mollusca  as  to  the  Echinodermata ;  and  doubtless  his 
knowledge  of  the  Ophiursa  exceeds  that  of  any  biped.  He  has  a  great  taste 
for  that  tribe. 

But  although  some  star-iis]hes  may  be  got  in  rock-pools,  and  some  may  be 
found  "  quietly  inumed"  within  the  stomach  of  hshes,  the  great  field  on 
which  they  are  to  be  sought  is  ihe  ocean  bed.  By  means  of  the  dredge, 
figured  atipage  302,  you  may  be  able  to  examine  them  in  their  living  state. 
One  of  the  most  abundant  species  in  certain  localities  is  that  represented  in 
Pig.  38.  It  is  the  conunon  Brittle  Star  {Ophiocoma  rosula),  and  well  de- 
seryes  its  English  name.     When  your  dredge  has  been  emptied,  you  see  a 

mass  of  snaky-looking  arms  twining  about, 
and  eyen  while  you  look  some  of  them  sepa- 
rate from  the  rest.  Struck  at  so  strange  a 
sight,  you  lift  up  one  for  closer  examination  : 
^  in  a  moment  all  the  arms  are  filing  ofi",  and 
;  the  central  disc  alone  remains  in  your  hand. 
The  only  way  to  preyent  this  disruption  is  to 
haye  a  yessel  of  fresh  Water  on  board,  and 
throw  into  it  such  specimens  as  you  wish  to 
preserye  in  their  full  integrity.  They  die 
instantaneously :  a  momentary  dip  into  boil- 
ing water,  and  exposure  to  a  good  fire,  or  a 
brisk  current  of  air,  will  preserve  them  suffi- 
ciently  to  enable  you  to  pack  them  up,  and 
■^*^"  ^°*  convey  them  in  safety  homeward. 

The  common  Brittle  Star  is  really  a  pretty  and  a  curious  object.  You  can 
scarcely  find  two  that  are  quite  alike ;  they  difier  in  size,  in  the  spinousness 
of  their  arms,  and  in  the  variety  of  bright  colours,  blue,  orange,  yeUow, 
pink,  and  red,  that  they  exliibit.  Their  distributim  seems  to  be  greatly 
infiuenced  by  the  nature  of  the  sea-bottom.  Yoitl'  dredge  at  one  "  haul" 
may  bring  up  a  score  or  two,  all  of  this  species.  It.  another  half  hour,  when 
you  haye  changed  your  situation,  not  one  of  them  L>  to  be  found ;  but  others, 
destitute  of  the  spiny  investment,  supply  their  place 

Passing  on  now  to  a  third  family  [Asteriada),  we  have  what  are  regarded 
as  the, true  star-fishes  (Fig.  39).  The  "^ye  arms  here  are  not  mere  append- 
ages to  the  central  disc,  but  each  of  them  contains  within  itself  a  part  of 
the  digestive  system,  diverging  from  the  stomach,  which  is  in  the  central 
portion  of  the  body.  Deep  grooves,  or  avenues,  run  along  the  lower  surface 
of  each  ray,  and  tnese  are  pierced  by  numerous  apertures,  through  which 
hundreds  of  suckers  can  be  extended,  and  perform  the  functions  both  of  feet 
and  of  hands,  for  they  serve  as  means  for  locomotion,  and  instruments  for 
securing  their  prey. 
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Sars,  a  Norwegian  naturalist,  has  made  ns  acquainted  with,  some  interest- 
ing facts  regar£ng  the  production  of  the  young  of  one  species,  and  the 

changes  which  they  undergo.  The  an- 
nexed figure  (Fig.  39)  is  a  copy  of  one  hy 
him,  representing  the  lower  surface  of  the 
hody  of  the  **  Eyed  CriheUa,"  as  it  is 
called  hy  English  naturalists.  The  eye  is 
situated  at  the  extremity  of  each  ray,  and 
is  protected  from  injury  hy  a  ring  of  spines. 
The  eggs,  after  passing  from  the  ovary,  do 
not  escape  at  once  into  the  sea,  hut  the 
arms  which  are  exhibited  in  the  figure  close 
upon  them,  and  thus  retain  them  in  a  kind 
of  artificial  pouch.  So  long  as  the  mother 
Fig.  39.  keeps  them  in  this  way,  she  may  be  said  to 

convert  a  portion  of  her  body  for  the  time  being  into  a  receptacle  analogous  to 
the  marsupial  pouch  of  the  kangaroo  or  opossum.  During  all  that  time  she  is 
volimtarily  deprived  of  any  means  of  obtaining  nourishment,  and  is  com- 
pelled to  continue  with  the  segments  of  her  body  in  a  very  contracted  state. 
This  she  has  been  observed  to  do  for  eleven  successive  days — a  striking  and 
remarkable  example  of  maternal  care  in  a  creature  of  a  very  humble  grade 
of  organization. 

The  young,  when  liberated,  swim  freely  about,  undergo  a  series  of  trans- 
formations which  are  fully  described  and  figured,  and  at  the  end  of  a  month 
assume  the  appearance  of  radiate  animals.  Of  the  precise  changes  in  other 
species  we  are  at  present  uninformed.  It  is  possible  that  some  reader  of  the 
Home  Tutor  may  yet  be  the  first  to  give  the  information  of  which  we  are 
at  present  destitute,  and  thus  contribute  his  quota  to  the  stock  of  scientific 
knowledge. 


CHAPTER  XI. 

OKDER  ECHINODEEMATA. 

**  In  hollows  of  the  tide- worn  reef, 
Left  at  low  water,  glistening  in  the  sun. 
Pellucid  pools,  and  rocks  in  miniature."— Montgomeky. 

The  common  Cross-fish  ( Uraster  ruhens)  is  plentiful  round  our  shores,  and 
is  most  generally  from  eight  to  twelve  inches  in  diameter.  I  have  seen  one, 
measuring  nearly  twelve  inches  across,  taken  out  of  the  stomach  of  a  cod- 
fish, though  by  what  arts  of  persuasion  the  cod  had  induced  its  victim  to 
fold  its  arms  into  a  convenient  compass  for  being  g^ped  down  was  beyond 
my  comprehension.  It  is  sometimes  found  witn  six  rays,  and  sometimes 
with  only  four ;  and  occasionally  four  rays  of  the  proper  size,  and  one  in 
course  of  formation ;  for  if  an  arm  be  amputated  by  any  casualty,  another 
grows  in  its  stead.  It  is  a  common  opinion  among  fishermen,  when  they 
see  one  of  these  animals  minus  a  ray,  that  the  loss  was  sustained  in  an 
attempt  to  take  a  gaping  oyster  out  of  its  shell,  that  the  yalves  of  the  shell 
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had  closed  on  the  intruding  arm,  and  that  the  Cross-fish,  finding  too  late  he 
had  **  caught  a  Tartar,"  was  glad  even  with  the  loss  of  an  arm  to  effect  his 
escape.  There  is  no  douht  the  Cross-fish  is  injurious  to  oyster-beds,  but  in 
a  different  way.  He  is  said  to  pout  out  the  lobes  of  his  stomach,  so  as  to 
convert  them  into  a  proboscis,  and  by  means  of  this  instrument  to  apply  to 
the  oyster  a  poisonous  or  benumbing  secretion,  after  which  he  can  d!evour 
the  mollusc  at  pleasure. 

When  the  Cross- fish  is  brought  up  in  the  dredge,  and  thrown  on  the  deck 
or  the  rowing-bench  of  a  boat,  he  appears  perfectly  helpless.  But  drop  bim 
into  a  bucket  of  sea-water,  and  his  aspect  is  soon  changed.  Long,  slender, 
white,  worm- like  bodies  are  extended  from  the  under  surface  of  each  arm ; 
as  their  number  increases,  you  would  almost  fancy  you  were  looking  at  a 
colony  of  polypes,  rather  than  a  remarkable  series  of  instruments,  which 
serve  not  only  for  progression,  but  also  for  seizing  and  overpowering  a  prey. 
Each  is,  in  fact,  a  sucker,  and  takes  a  firm  hold  of  any  surface  to  which  it 
is  applied,  so  that  what  was  before  a  helpless-looking  creature  is  soon  ob- 
served marching  with  an  easy  gliding  motion  across  the  bottom  of  the 
bucket,  or  even  ascending  its  perpendicular  sides. 

<%  There  is,  however,  one  species  of  this  tribe  that  resembles  the  Brittle  Stars  in 
its  power  of  breaking  itself  up.  This  is  described  so  humorously  by  Professor 
E.  Forbes,  that  I  use  his  own  words,  and  refer  such  of  my  readers  as  are  of 
opinion  *  *  it  is  good  to  be  merry  and  wise"  to  his  History  of  Mritish  Star-Jishes, 

"  It  is  the  wonderful  power  which  the  Luidia  possesses,  not  merely  of 
casting  away  its  arms  entire,  but  of  breaking  them  voluntarily  into  httle 
pieces  with  great  rapidity,  which  approximates  it  to  the  Ophiura,  This 
faculty  renders  the  preservation  of  a  perfect  specimen  a  very  difficult  matter. 
The  first  time  I  ever  took  one  of  these  creatures  I  succeeded  in  getting  it 
into  the  boat  entire.  Never  having  seen  one  before,  and  quite  unconscious 
of  its  suicidal  powers,  I  spread  it  out  on  a  rowing-bench,  the  better  to 
admire  its  form  and  colours.  On  attempting  to  remove  it  for  preservation, 
to  my  horror  and  disappointment  I  found  only  an  assemblage  of  rejected 
memoers.  My  conservative  endeavours  were  aU  neutralized  by  its  de- 
structive exertions,  and  it  is  now  badly  represented  in  my  cabinet  by  an 
armless  disc  and  a  discless  arm.  Next  time  I  went  to  dredge  on  the  same 
spot,  determined  not  to  be  cheated  out  of  a  specimen  in  such  a  way  a  second 
time,  I  brought  with  me  a  bucket  of  cold  fresh  water,  to  which  article  star- 
fishes have  a  great  antipathy.  As  I  expected,  a  Luidia  came  up  in  the 
dredge — a  most  gorgeous  specimen.  As  it  does  not  generally  break  up 
before  it  is  raised  above  the  surface  of  the  sea,  cautiously  and  anxiously  I 
sank  my  bucket  to  a  level  with  the  dredge's  mouth,  and  proceeded  in  the 
most  gentie  maimer  to  introduce  Luidia  to  the  purer  element.  Whether 
the  cold  air  was  too  much  for  him,  or  the  sight  of  the  bucket  too  terrific,  I 
know  not,  but  in  a  moment  he  proceeded  to  dissolve  his  corporation,  and  at 
every  mesh  of  the  dredge  his  fragments  were  seen  escaping.  In  despair  I 
grasped  at  the  largest,  and  brought  up  the  extremity  of  an  arm,  with  its 
terminating  eye,  me  spinous  eyelid  of  which  opened  and  closed  with  some- 
thing exceedingly  like  a  wink  of  derision." 

We  now  come  to  the  Sea-urchins,  a  family  in  which  the  rayed  appearance 
is  different  from  what  it  is  in  the  star-fishes.  The  form  is  somewhat  globular, 
occasionally  depressed,  and  covered  with  spines,  which  are  different  in  dif- 
ferent groups.    Its  spiny  covering  reminds  one  of  that  of  the  Urchin,  and 
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the  term  Echinodermata,  which  is  applied  to  the  entire  order,  does  no  more 
than  express  in  a  single  term  the  fact  that  the  anunal  has  a  coat,  or  skin, 

or  covering,  resembling  that  of  the  hedge- 
hog. In  the  annexed  figure  (Fig.  40)  the 
prickles  are  shown  in  their  natural  con- 
dition on  the  right-hand  side ;  on  the 
other  they  are  removed,  so  as  to  exhibit 
the  structure  and  appearances  of  the  part 
underneath. 

The  hard  calcareous  covering,  or 
*«  shell,"  as  it  is  often,  but  incorrectly 
termed,  is  well  deserving  of  minute  and 
careful  examination.  We  find  Sea- 
urchins  of  very  different  sizes.  How  is 
^^'  ^^^  the    ** shell"    enlarged    to    meet     the 

acquirements  of  the  growing  animal  ?  It  is  composed  of  a  multitude  of 
pieces,  accurately  fitted  to  each  other ;  a  living  membrane  supplies  the  shelly 
secretion,  and  deposits  it  round  the  edges  of  every  separate  piece ;  eaon 
piece  maintains,  therefore,  its  relative  proportion  to  all  the  rest,  and  while 
the  bulk  of  the  entire  mass  is  augmented,  the  chaxacteristic  outline  of  every 
part  is  preserved. 

It  may  not  prove  uninteresting  to  advert  to  some  other  points  of  structure. 
**  In  a 'moderate-sized  Urchin  I  reckoned,"  says  Forbes,  **  sixty-two  rows 
of  pores  in  each  of  the  ten  avenues ;  now,  as  there  are  three  pairs  of  pores  in 
each  row,  their  number,  multiplied  by  six  and  again  by  ten,  would  give  the 
great  number  of  3,720  pores  ;  but  as  each  sucker  occupies  a  pair  of  pores, 
the  number  of  suckers  would  be  half  that  amount,  or  1,860.  This  structure 
in  the  egg  Urchin  is  not  less  complicated  in  other  parts.  There  are  about 
300  plates  of  one  kind,  and  nearly  as  many  of  another,  all  dovetailing  toge- 
ther with  the  greatest  nicety  and  regularity,  bearing  on  their  surfaces  above 
4,000  spines,  each  spine  perfect  in  itself,  and  of  a  complicated  structure,  and 
having  a  free  movement  on  its  socket.  Truly  the  skill  of  the  great  Archi- 
tect of  Nature  is  not  less  displayed  in  the  construction  of  a  Sea-urchin  than 
in  the  building  up  of  a  world." 

The  Sea-urSiins  are^  like  the  Cross-fish,  furnished  with  delicate  retractile 
suckers,  and  move  by  the  joint  action  of  these  suckers  and  of  the  spines.  If 
any  of  my  young  friends,  during  their  summer  sojourn 
at  the  sea- side,  would  pick  up  two  or  three  Sea- 
urchins,  just  when  they  nave  been  left  on  the  beach  by 
the  retiring  tide,  and  would  place  them  in  a  milk- 
man, or  other  shallow  vessel  filled  with  sea- water,  they 
wiU  form  a  better  idea  of  their  mode  of  progression  than 
from  any  description.  The  annexed  figure  (Fig.  41J 
represents  the  dental  apparatus,  more  popidarly  called 
"Aristotle's  Lantern."  So  far  among  the  JEchino^ 
dermata  we  have  met  nothing  of  the  kind ;  it  is  not 
found  in  all  genera  of  Sea-urchins,  but  appears 
suddenly  developed,  and  as  suddenly  withdrawn.  Yet 
it  is  in  its  arrangements  most  admirable  and  unique. 
The  five  sharp-pointed  teeth  at  the  lower  part  break  up  the  shell-fish  on 
which  the  Sea-urchin  feeds.   That  they  may  not  be  worn  away  by  such  severe 
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duty,  they  are  at  the  points  as  hard  as  enamel,  and  of  a  softer  and  fibrous 
structure  above ;  and,  like  the  teeth  of  the  gnawing  animals,  are  always  grow- 
ing. The  triangular  pyramidal  pieces  above  are  smooth  on  the  outer  surface, 
but  on  the  other  two  sides  they  are  finely  grooved,  as  if  with  a  file.  It  is 
obvious,  therefore,  that  there  are  ten  surfaces  for  the  grinding  down  of  the 
food,  and  that  iiiese  are  so  arranged  that  they  work  in  pairs.  There  is  also 
a  very  complete  arrangement  of  ^muscles,  to  bring  into  full  operation  this 
effective  piece  of  macMnery,  which  has  here  been  only  in  part  described. 

In  both  the  Star-fishes  and  Sea-urchins  the  blood  is  aerated  by  the  free 
admission  of  sea- water  into  the  interior  of  the  body.  At  one  period  of  the 
year  the  Sea-urchin,  if  cut  across,  exhibits  only  a  delicate  tubular  mem- 
brane going  twice  round  the  interior,  and  forming,  in  fact,  both  stomach 
and  intestine.  But  at  a  later  period,  or  towards  autumn,  much  of  the 
vacant  space  is  found  filled  with  large  masses  of  ova  or  eggs.  These  were 
much  prized  by  the  ancients,  who  dressed  them  in  various  ways,  and  they 
are  eaten,  in  many  parts  of  the  world,'  at  the  present  day.  Such  of  my 
young  readers  as  have  read  Byron's  narrative  of  the  loss  of  the  Wager  in 
1740  may  be  reminded  of  his  description  of  the  young  Indian  woman 
taking  a  basket  in  her  mouth,  jumping  out  of  the  boat,  diving  to  the 
bottom,  and  bringing  it  up  fiUed  with  sea-eggs,  for  by  that  name  Sea- 
urchins  in  e^^  are  referred  to. 

Leaving  now  the  Echinidcey  we  come  to  another  family,  the  Hohthuridcs, 
in  which  the  body,  instead  of  being  rough  or  prickly,  is  soft  like  that  of  a 
snail.  The  Holothuria  has  suckers  like  the  Star-hsh  or  the  Sea-urchin ; 
but  it  can  also  move  by  the  contraction  and  expansion  of  its  body  in  the 
same  manner  as  a  worm.     The  English  term  "  Sea-cucumber"  gives  some 

idea  of  the  appearance ;  and  it  will  be 
still  better  understood  by  a  reference 
to  Fig.  42,  which  represents  the 
largest  species  yet  discovered  in  the 
British  seas  (Cucumaria  frondosa),' 
The  strangest  thing  about  these 
animals  is  the  manner  in  which  they 
part  with  the  most  important  organs. 
Fig.  42.  easting  them  away  as  things  of  no 

account.  Sir  John  Dalzell  states, 
from  his  own  observation,  that  after  this  had  been  done  so  thoroughly  that 
the  body  remained  like  an  empty  sac,  in  a  few  months  all  the  lost  parts 
were  reproduced.  This  is  the  more  remarkable,  as  the  anatomical  structure 
is  remarkably  oomplex.  Sir  John  informs  us  that  a  Holothuria  has  pro- 
duced five  thousand  ova  in  the  course  of  a  single  night. 

When  parts  so  important  as  the  tentacula,  the  mouth,  the  oesophagus,  and 
the  intestine  are  wilfully  discarded  by  the  Holothuria,  we  can  scarcely 
expect  it  will  remain  true  to  its  proper  form  of  body.  €ouId  our  vagabonds, 
whose  descriptions  fill  the  BJue  and  Cry,  acquire  from  this  humble  marine 
animal  the  power  of  changing,  like  him,  their  form  and  dimensions,  they 
would  have  a  better  ohanoe  of  escape.  The  very  species  which  is  here 
figured  (Fig.  42)  is  soiaetimes  pleased  to  pull  in  his  tentacula,  and  assume  a 
perfect  oved  figure ;  and  again,  when  the  whim  seizes  him,  he  can  contract 
towards  the  middle  to  such  a  degree,  that  he  reminds  one  of  an  hour-glass. 
These  animals  come  %at  rarely  imder  our  notic^  and  can  only  be  regarded 
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by  US  as  objects  of  philosophical  interest.  But  in  other  parts  of  the  world 
they  are  sought  for  with  great  avidity,  and  even  constitute  an  important 
branch  of  commerce,  under  the  name  of  trepang,  or  heche'de-mer.  They 
are  sold  to  the  Chinese,  along  with  sharks'  fins  and  edible  birds' -nests. 
Captain  Flinders  fell  in  with  a  fleet  of  Malay  proas  engaged  in  this  traffic 
at  the  English  Company's  Islands,  north  coast  of  New  Holland,  near  the 
Gulf  of  Carpentaria  (1803) ;  and  was  informed  that  sixty  proas,  belonging 
to  the  Rajah  of  Boni,  and  carrying  one  thousand  men,  had  left  Macassar, 
with  the  north-west  monsoon,  two  months  before,  on  an  expedition  to  that 
coast,  for  the  purpose  of  collecting  the  trepang.  The  process  of  curing  is  a 
simple  one.  The  trepang  is  split  down  one  side,  boiled,  pressed  with  stones, 
then  stretched  open  with  slips  of  bamboo,  dried  in  the  sun,  and  afterwards, 
in  smoke  ;  it  is  then  fit  to  be  put  away  in  bags. 

"We  come  now  to  the  last  family  of  the  Star-fishes,  the  SipuncuUd<B,  or 
Spoon- worms.  They  are  the  outliers  of  the  Radiate  kingdom,  and  have 
abandoned  the  costume  and  external  appearance  pf  their  relatives,  and  put 
on  that  of  worms,  true  subjects  of  the  Xrticulated  kingdom.  But  even  here 
an  examination  of  internal  structure  shows 
where  the  real  afl&nity  exists.  They  are  not 
famished  with  suckers;  and  they  move  as 
worms  do,  by  the  expansion  and  contraction 
of  different  segments  of  the  body.  Some  are 
found  under  stone;  some  burrow  in  sand; 
and  some  select  as  their  mansion  an  empty 
univalve  shell.  Such  is  the  practice  of  the 
i^cies  here  represented  (Fig.  43,  Sipunculus 
iernhardus)^  resembling  in  this  respect  the 
Hermit  crabs.  Its  colour  is  white ;  the 
animal  can  extend  itself  to  a  length  of  three 
inches,  can  retract  the  entire  proboscis  at 
pleasure,  and  change  at  wiU  the  proportions  of 
the  body  itself. 
We  should  hardly  expect  that  animals  so 

lowly  in 

their  or-  ^ig.  43. 

ganiza- 

tion,  so  harmless  to  man  in  their  habits, 
as  the  JEchinodermatay  would  be  made 
the  objects  of  either  superstitious  fears 
or  practices.  Yet  when  Br.  Drummond, 
the  talented  author  of  First  Steps  to 
Botany y  was  drying  some  specimens  of 
the  common  Star-fishes,  or  Five-fingers, 
in  a  little  garden  at  Bangor  (Co. 
Down),  he  heard  some  children  on  the 
other  side  of  the  hedge  say,  "  What's 
the  gentleman  doing  with  the  bad  man's 
hands  ?  Is  he  ganging  to  eat  the  bad 
man's  hands,  do  ye  think  ?"  It  appears 
ttiatthe  name  they  ore  known  by  there  is  that  of  the  Devil's-fingers  ana  the 
Bevil's-hands,  ana  that  children  have  a  superstitious  dread  of  touching  them. 


Fig.  44. . 
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There  is  another  species,  distinguished  by  the  great  regularity  of  its 
outline— the  Butt-horn  {Asterias  auranUacUy  Fig.  44),  and  pretty  gene- 
rally distributed  round  our  coasts.  Of  this  Mr.  Bean,  of  Scarborough.,  com- 
municates to  Professor  Forbes  the  following  singular  superstition: — "Our 
fishermen  call  this  species  a  Butt-horn.  The  first  taken  is  carefully  made  a 
prisoner,  and  placed  on  a  seat  at  the  stem  of  the  boat.  When  they  hook  a 
but  (holibut)  tbey  immediately  give  the  poor  star-fish  its  liberty,  and  commit 
it  to  its  native  element ;  but  if  their  nshery  is  unsuccessful,  it  is  left  to 
l)erish,  and  may  eventually  enrich  the  cabinet  of  some  industrious  oolleotor." 


CHAPTER  XII. 


EETKOSPECT. 
"  WTiat  great  events  from  trivial  causes  spring !" 

In  the  preceding  chapters  I  have  led  those  who  have  journeyed  with  me 
over  one  of  the  great  empires  into  which  the  Animal  Kingdom  is  divided. 
Our  path  has  lain  among  the  Radiate  animals ;  let  us  now  glance  back  upon 
them,  pause  a  little  on  their  array,  and  ponder  on  the  powers  witii  which 
they  have  been  gifted. 

The  first  tribes  that  we  encountered,  the  Jw/w«oria,  were  made  known  to 
us  only  by  the  aid  of  the  microscope  ;  yet  so  far  do  calculations  as  to  their 
size  and  numbers  transcend  the  limited  faculties  with  which  we  are  here 
endowed,  that,  to  use  the  words  of  Burke,  "we  become  amazed  and  con- 
founded at  the  wonders  of  minuteness ;  nor  can  we  distinguish  in  its  effect 
the  extreme  of  littleness  from  the  vast  itself." 

Next  we  were  introduced  to  those  who  *  *  shun  the  glare  of  vulgar  light,"  and 
pass  their  lives  within  the  bodies  of  other  animals,  the  JEntozoa,  A  strange 
and  motley  group — some  of  them  more  simple  in  their  structure  than  the 
simplest  polypes,  others  so  highly  organized  that  it  is  doubtful  if  they  might 
not  with  greater  propriety  be  classed  among  the  articulated  or  jointed  ani- 
mals, such  as  worms  and  insects. 

And  then  came  the  Zw^hyies,  surpassing  in  their  reality  all  the  wonders 
of  classic  fable ;  gifted  with  strange  powers  of  increase,  multiplying  under 
treatment  that  would  to  other  animals  be  destruction,  investing  with  delicate 
lace  work  the  frond  of  the  huge  sea -weed,  and  giving  to  the  shallows  of  the 
tropical  sea  the  beauty  and  variety  of  the  most  cultivated  parterre. 

Then  passed  we  on  to  creatures,  the  Acalep?uBy  that  seemed  little  else  than 
masses  of  vivified  sea- water.  So  frail  are  the  tissues  of  their  body,  that 
they  can  be  likened  only  to  the  web  of  the  spider ;  so  that  the  term  Arach- 
7wdermatay  expressive  of  this  pebuliaritgT)  contrasts  with  that  of  the  adjoin- 
ing group,  which  bears  the  name  of  Echinodermata,   At  last,  in  our  onward 
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progress,  all  radiated  arrangements  of  parts  or  of  outline  disappeared,  and 
-we  found  ourselves  among  beings  whicli  presented  the  appearance,  and  even 
aclopted  the  appearance,  of  worms. 

It  is,  I  hope,  distinctly  understood  that  the  classification  and  arrangement 
that  has  been  adopted  is  not  that  which  is  absolutely  best,  but  only  that 
•which  was  the  best  according  to  the  state  of  science  at  the  time  such  ciassifi- 
oation  was  adopted.  Kecent  accessions  to  our  knowledge  of  structure  and 
transformations  point  the  way  to  changes  of  arrangement ;  for  when  a  real 
affinity  has  been  shown  to  exist,  those  animals  which  are  closely  allied  to 
each  other  cannot  long  continue  to  be  arbitrarily  separated.  The  boundaries 
of  different  groups  will  therefore,  at  a  future  time,  be  most  probably 
enlarged  or  diminished ;  nay,  the  position  of  certain  groups  altogether 
changed. 

It  must  be  recollected,  however,  that  all  such  changes  are  demanded  by 
the  progressive  advance  of  knowledge.  Genera,  families,  and  orders  arc 
human  inventions,  and  liable  to  the  mutability  of  all  human  affairs  ;  but 
species  have  a  real  existence  in  nature,  and  they  remain  unchanged,  though 
we  change  the  manner  in  which  we  group  them  together. 

I  would  not  like  my  readers  to  be  satisfied  with  knowing  the  little  that  is 
here  put  down  for  them.  I  would  hope  that  in  other  books,  and  in  the  great 
field  of  nature,  they  would  learn  and  observe  far  more  than  I  can  impart. 
Nor  should  I  wish  them  to  stop  even  then — to  be  content  with  a  knowledge 
of  what  they  read  or  what  they  see,  and  go  no  further.  My  favourite  pur- 
suit would  fail  in  its  highest  ground  of  recommendation,  did  it  stop  there. 
It  should  be  suggestive  of  long  trains  of  thought,  rising  from  the  creature  to 
the  Creator.  How  is  it  possible  we  can  contemplate  the  vaiied  means  of 
reproduction  observable  among  the  Radiate  animals,  and  not  feel  that  an 
Almighty  Power  has  been  at  work,  not  only  in  forming  them  originally,  but 
in  gifting  them  with  the  means  of  increase,  and  in  extending  a  watchful  care 
over  their  defenceless  young  ?  We  see  on  all  sides  a  bountiful  provision 
made  for  their  safety,  so  that  not  one  species,  however  humble,  is  allowed 
to  perish  until  the  period  allotted  for  its  continuance  has  been  fulfilled. 

If  we  turn  our  thoughts  in  another  direction,  and  consider  what  great 
results  are,  under  the  providence  of  God,  produced  by  agents  apparently  the 
most  poweiless,  the  coral  isles  of  the  Pacific  oftier  a  familiar  and  most  strik- 
ing illustration.  But  we  may  find  another  example  among  organisms  still 
more  minute,  and  living  in  our  own  seas  and  rivers.  I  allude  to  the 
Injkisorta, 

Among  these  are  some  which  possess  the  power  of  withdrawing  silex  from 
the  water,  in  which  it  is  held  in  solution,  and  depositing  it  in  a  solid  form, 
in  varied,  definite,  and  very  beautiful  patterns.  The  great  improvements 
made  within  the  last  few  years  in  microscopes,  and  the  greater  attention  paid 
to  these  "  minims  of  nature,"  have  enabled  accurate  observers  to  ascertain 
that  their  mode  of  reproduction  is  precisely  analogous  to  what  prevails  in 
certain  alga,  or  water  plants,  and  hence  the  inference  is  drawn  that  the 
DiatomacetB — for  so  these  organisms  are  named — more  properly  belong  to 
the  vegetable  than  to  the  animal  kingdom.  It  is  difficiut  to  draw  a  line 
rigidly  dividing  the  animal  and  the.  vegetable  creation ;  there  is  a  border 
territory,  where  settled  and  recognized  government  does  not  prevail.  There 
tite  zoologist  may  make  a  foray,  and  capture  and  drive  off  the  booty  on 
irbioh  he  seizes ;  and  there  the  botanist  may  make  sharp  and  sudden  repri- 
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sal,  regain  the  prey,  and  snccessfally  carry  off  witli  liiin  entire  species, 
which  the  zoologist  had  complacently  regarded  as  his  own.  On  such  a  terri- 
tory let  me  for  the  present  place  the  Diatomaceee :  whether  they  he  animal 

or  vegetable,  they  will  equally  well  es- 
tablish the  point  to  whicn  I  wish  to  call 
attention,  that  organisms  the  most  mi- 
nute may  become  the  instrument  of 
great  and  permanent  changes. 

Silex  is  found  in  all  waters,  though  in 
very  different  proportions,  and  once 
separated  from  it  in  a  solid  form,  be- 
comes indestructible.  The  Dtatonmcet^ 
deposit  the  silex  on  the  tissues  or  mem- 
branes which  they  possess,  and  hence 
give  to  them  regular  patterns  of  ex- 
treme delicacy  and  beauty. 

The  annexed  figure  (Fig.  45)  repre- 
sents   some    native  species,    and   will 
convey  an  idea  of  the  variety  of  forms 
Fig.  46.  ^  they  exhibit. 

The  DiatomacecB  exist  in  fresh  water,  in  brackish  water,  and  in  sea^water. 
They  are  found  in  rivers,  in  lakes,  in  dripping  wells,  and  in  snow-lields, 
and  are  extremely  abundant  both  in  the  arctic  and  antarctic  seas.  There  is 
no  part  of  the  world  in  which  they  are  not  silently  at  work ;  in  remote 
periods  of  the  past  history  of  our  globe  they  appear  to  have  been  equally 
diffused :  the  proofs  of  their  existence  remain  as  fossil  deposits. 

Ehrenberg  discovered  that  the  tripoli,  or  poller schiefer,  used  at  Berlin, 
was  entirely  composed  of  these  silicious  shells.  He  regarded  the  organisms 
as  animal^  and  states  that  so  rapid  is  their  in  crease,  that  two  cubic  feet  of 
tripoli  might  be  formed  in  four  days  from  one  individual.  At  Bilin,  in  Bo- 
hemia, there  is  a  single  stratum  of  this  nubstance  not  less  than  fourteen  feet 
thick,  forming  the  upper  layer  of  a  tripoli  hill,  in  every  cubic  inch  of  which 
Ehrenberg  calculates  there  are  forty -one  thousand  millions  of  one  species. 
The  city  of  Virginia  is  built  on  a  deposit  of  DiatomacecB  twenty  feet  in 
thickness.  They  are  now,  insignificant  as  they  appear,  filling  up  the  mouths 
of  rivers,  and  gradually,  as  marine  deposits,  affecting  the  ocean  bed. 

When  the  antarctic  voyagers  reached  the  icy  walls  to  which  tliey  gave  the 
name  of  the  Victoria  Barrier,  it  was  found  embrowned  with  Diatomacea ; 
and  as  they  sailed  along  the  Barrier,  the  soundings  which  they  took  made 
them  aware  of  the  existence  of  a  bank  extending  for  four  hundred  miles,  and 
composed  almost  wholly  of  their  silicious  skeletons.  Floating  masses  of  ioe 
yielded  them  in  miUions,  and  in  many  places  they  formed  a  scum  on  the 
surface  of  the  sea.  Darwin,  a  high  authority,  states  that  fine  dust  whidi 
fell  elsewhere  on  the  deck  of  a  ship  at  sea,  was  found,  on  examination  with 
the  microscope,  to  be  composed  of  Diatomaeece,  From  their  universal  diffu- 
sion we  cannot  doubt  that  they  are  the  unseen,  and  yet  resistless  agents 
of  mighty  changes,  and  ot  beneficial  results,  which  we  are  unalne  te 
comprehend. 

Let  us  pass  on  to  another  topie.  It  is  a  summer  eve :  we  are  strolling  by 
the  shore,  with  the  pleasant  murmur  of  the  sea  sounding  in  our  ears,  the 
fresh  air  upon  our  ehetk.  Htm  glories  of  a  summer  sunset  in  the  western 
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dky.  Gradually  the  light  fades,  and  new  tints,  each  beautiful  and  glorious, 
enrich  the  azure  vault.  The  stars  begin  silently  to  peep  out,  and  night  steals 
over  the  landscape.  Yet  we  turn  not  homewards ;  we  find  the  gentle  heav- 
ing of  tiiie  sea,  calm  as  a  sleeping  child,  inexpressibly  charming  and  tran- 
quillizing. We  hear  the  sound  of  oars — a  boat  approaches ;  but  what  a 
glorious  sight !  About  its  prow  curl  waves  of  lire,  a  long  train  of  light 
JjUows  in  its  wake,  and  the  water  that  drips  from  the  oar  is  converted  into 
''diamond  sparks.  We  hail  the  boat  and  step  on  board ;  new  wonders  greet 
our  sight.  Each  passing  breeze  lights  up  a  track  of  splendour.  Whenever 
the  water  is  disturbed  it  seems  converted  to  innocuous  flames ;  and,  deej) 
below  the  surface,  the  large  jelly-fishes  shine  with  their  own  peculiar  and 
beautiful  luminosity. 

This  phenomenon  has  not  escaped  the  accurate  observation  of  Crabbe,  by 
whom  it  is  thus  noticed  in  his  poem  of  The  Borough : — 

"  But  now  your  view  upon  the  ocean  turn, 
'    And  there  the  splendour  of  the  waves  discern ; 
Cast  but  a  stone,  or  strike  them  with  an  oar. 
And  you  shall  flames  within  the  deep  explore ; 
Or  scoop  the  stream  phosphoric  as  you  stand. 
And  the  cold  flames  shall  flash  across  your  hand ; 
"When,  lost  in  wonder,  you  shall  walk  and  gaze 
On  weeds  that  sparkle,  and  on  waves  that  blaze." 

It  has  been  happily  introduced  by  Sir  Walter  Scott,  in  his  Lord  of  the 
IsleSy  under  circumstances  that  give  increased  interest  and  vividness  to  the 
scene  described. 

The  phenomenon  is  said  to  be  still  more  splendid  in  tropical  seas ;  but 
without  adverting  to  the  narrative  of  navigators,  bj  whom  in  glowing 
language  it  has  been  described,  let  us  ask.  How  is  it  occasioned  ?  What 
gives  origin  to  the  luminosity  ef  the  sea  ? 

Darwin  expresses  his  opinion  in  the  following  words : — "  Observing  that 
the  water  charged  with  gelatinous  particles  is  in  an  impure  state,  and  that 
the  luminous  appearance  in  all  common  cases  is  produced  by  the  agitation 
of  the  fluid  in  contact  with  the  atmosphere,  I  have  always  been  ineuned  to 
consider  that  the  phosphorescence  was  the  result  of  the  decomposition  of  thv 
organic  particles,  oy  which  process  (one  is  tempted  almost  to  call  it  a  kind 
of  respiration)  the  ocean  becomes  purified." 

Elsewhere,  however,  the  same  eminent  naturalist  observes,  in  speaking- 
of  the  Atlantic  ocean,  **When  the  waves  scintillate  with  bright  green 
«parks,  1  believe  it  is  generally  owing  to  minute  Crustacea."  Certain  joo/y/>6?.v, 
as  has  been  already  mentioned  (p.  291),  give  out  light  when  irritated. 
Some  Annelids  and  Mollusca  possess  a  similar  power,  but  minute  Acalepha, 
or  Jelly-fishes  (p.  313),  of  various  kinds,  are  the  great  agents  in  thus 
illuminating  the  surface  of  the  ocean.  According  to  the  views  now  most 
generally  entertained,  it  is  to  the  abundance  of  life,  not  to  decay  and  death, 
we  must  attribute  this  luminosity.  And  if  each  spark  be  a  unit  in  the 
amount  of  anin^al  existence,  how  vast  must  be  the  aggregate !  How  great 
the  piof usion  of  animal  life  throughout  the  waters  of  tne  ocean ! 

W©  «aw,  when  treating  of  the  Infusoria^  that  millions  might  be  contained 
in  a  siaijifje  drop  of  water  (p.  280).  When  considering  the  Polypes  we  found 
that  tiilif  sometimes  numbered  eight  millions  of  individuals  on  a  single 
zoo^^j^'(p.  291).     We  now  find  that  microsoopio  Acalepht^  are  diffused 
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throughout  the  sea-water,  and,  notwithstandinff  their  individual  minnteness, 
give  origin  to  one  of  the  most  striking  phases  oi  the  "  vasty  deep."  All  tibis 
ahundance  of  life  connects  itself  with  thehumhle  Radictta  we  have  heen  con- 
sidering. Can  we  douht  that  happiness  is  co-existent  with  life?— that 
enjoyment  has  heen  graciously  hestowed  wherein  life  in  any  of  its  varied 
forms  has  heen  given  ? 

It  may  assist  us  in  forming  correct  ideas  of  the  amount  of  microscopic  life 
existing  in  vast  tracts  of  the  0(5ean  if  we  turn  to  a  calculation  given  by 
Scoresby  in  his  Arctic  Regions,  He  found  that  the  peculiar  green  colour  of 
the  water  of  the  Arctic  sea  was  owing  to  the  multitude  of  minute  Medtisa 
which  it  contained.  **  They  were,"  he  says,  "  about  the  one-fourth  of  an 
inch  asunder.  In  this  proportion  a  cubic  inch  of  water  must  contain  64  ; 
a  cubic  foot  110,592;  a  cubic  fathom  23,887,872;  and  a  cubical  mile 
23,888,000,000,000,000." 

This  discoloration  extends  over  an  extent  of  perhaps  twenty  or  thirty 
thousand  square  miles,  so  that  the  mind  sinks  overpowered  by  any  attempt 
to  estimate  their  numbers.  Viewed  with  reference  to  the  whales  and  other 
inhabitants  of  these  seas,  how  vast  is  the  supply  of  food  derived  from  this 
source  !  And  it  is  obvious  that  by  affecting  the  objects  of  his  pursuit,  they 
exercise  a  certain  and  not  very  remote  influence  on  man  himself. 


CHAPTER  XIII. 

Sub-Kingdom — Articulata. 

articulated,  ob  jointed  animals. 

""Whatever  creeps  the  ground, 
Insect  or  worm :  those  waved  their  limber  fans 
For  wings,  and'smallest  lineaments  exact 
In  hU  the  liveries  deck'd  of  Summer's  pride, 
With  spots  of  gold  and  purple,  azure  and  green ; 
These  as  a  line  their  long  dimensions  drew. 
Streaking  the  ground  ¥rith  sinuous  trace." — Milton. 

If  a  person  not  familiar  with  natural  history  terms  and  classification  were 
asked  to  give  an  example  of  a  jointed  animal,  he  might  possibly  name  the 
cow  or  the  horse,  and  assert  that  he  himself  was  included  in  the  same  cate- 
gory. But,  however  paradoxical  it  may  appear,  an  animal  with  joints  is  not 
necessarily  a  jointed  animal  in  the  natural  history  acceptation  of  the  term. 
We  have  been  treating  of  invertebrate  animals,  and  still  continue  to  do  so. 
The  horse,  the  cow,  and  the  man  are  of  course  excluded,  as  belonging  to 
the  higher  or  vertebrate  division.  Our  business,  at  present,  is  with  creatures 
destitute  of  a  skull  and  back-bone,  not  rayed  or  radiated  like  those  hitherto 
under  consideration,  but  exhibiting  in  their  bodily  structure  a  number  of 
joints  or  distinct  segments,  such  as  we  see  in  the  lobster. 

An  Articulated  or  Jointed  Animal — for  both  terms  express  the  same  thing 
— is  an  invertebrate  animal,  with  the  body  jointed,  and  generally  exhibit- 
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ing  a  repetition  of  rings  or  segments  of  similar  appearance  as  in  the  earth- 
worm and  the  centipede.  The  nervous  system,  in  its  arrangement^  is  not 
less  symmetrical  than  the  external  figure.  It  consists  of  a  series  of  small 
centres  or  swellings  of  nervous  matter,  called  ganglion,  connected  by  threads, 
and  extending  along  the  lower  side  of  the  body ;  from  these  are  given  off 
the  nerves  which  proceed  to  the  extremities.  The  brain  is  represented  by  a 
more  considerable  mass  of  nervous  matter,  which  surrounds  the  throat  in 
the  form  of  a  ring. 

It  is  by  these  characteristics  that  the  Articulated  Kingdom  is  distin- 
guished from  the  Badiated.  The  tribes  inhabiting  the  borders  of  the  two 
countries  are  so  much  alike,  that,  judging  merely  from  external  appearance, 
we  know  not  to  which  thej  belong.  Thus  we  have  seen  that  the  family  of 
the  Sipunculus  is,  in  reahty,  allied  to  the  Star-lishes  by  its  structure,  yet 
seems  to  belong  to  the  present  class  from  its  worm-like  aspect. 

The  Articulated  animals  are  arranged  in  five  clasess,  namely — 
I.  AnneUatay  Leeches,  Earth-worms,  &c. 

II.  Cirripedtty  Barnacles  and  Acorn-shells. 

III.  d'ustacea,  Crabs,  Lobsters,  &c. 

IV.  Insecttty  Beetles,  Bees,  Butterflies,  &e. 
V.  Arachnidaf  Spiders,  Mites,  &c. 

Class  I. — Annellata. 

LEECHES,   EAILTH-WOKMS,   ETC. 

The  Latin  word  annellus  means  a  little  ring ;  hence  the  term  amielid 
denotes  an  animal  whichj  like  the  earth-worm,  has  the  body  composed  of  a 
series  of  little  rings.     Each  of  these  seems  externally  but  a  repetition  of  the 

adjoining  one,  altei'  et  idem.  But,  in 
reality,  it  is  not  so,  for  different  por- 
tions of  the  body  perform  very  different 
functions.  In  the  head,  and  there  only, 
are  placed  the  organs  of  sense,  such  as 
they  arc ;  and  both  the  digestive  and 
the  circulating  system  have  their  own 
Fig.  46. — LEECH.  respective  centres.     Such  being  the  ease, 

we  should  inflict  a  grievous  wrong  upon  one  of  these  creatures  if  we  cut 
it  in  twain,  and  supposed  that  the  seyered  parts  would  each  take  upon 
itself  the  functions  of  the  perfect  animal. 

Among  this  class  are  some  very  respectable  families,  that  confine  them- 
selves exclusively  to  animal  food ;  and  there  are  others  not  less  ancient, 
that  live  on  vegetable  diet,  and  turn  up  their  noses  at  the  juiciest  flesh-meat 
imaginable.  There  are  others,  again,  possessing  an  aldermanic  relish  for 
fish,  fiesh,  and  fowl,  and  for  vegetable  condiments  also,  and  to  them  nothing 
they  can  swallow  comes  amiss.  If  the  nutritious  matter  be  mixed  with  sand 
it  is  of  no  consequence ;  they  adopt  the  simple  process  of  gulping  all  down, 
digesting  what  is  digestible,  and  rejecting  the  remainder. 

In  most  of  the  annelids  the  blood  is  red ;  they  have,  therefore,  been  called 
**  red-blooded  worms,"  and  by  the  French  naturalists,  "vers  k  sang  rouge." 
Thin  character  is,  however,  by  no  means  universal ;  there  are  some  species 
in  which  the  blood  is  of  a  pale  yeUow ;  there  are  others  m  which  it  is  of  an 
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olive  green.  The  same  importance  is  not,  therefore,  attached  to  the  mere 
colour  of  the  blood  as  was  attributed  to  it  by  Aristotle,  and  by  some  writeni 
in  more  modem  times. 

The  breathing  organs  of  this  class  present  very  considerable  modifications. 
In  some  species  they  are  adapted  for  extracting  oxygen  directly  from  the 
atmosphere.  In  some,  which  lire  in  water,  that  fluid  is  admitted  into  the 
interior  of  the  body  by  minute  apertures,  and  received  in  a  series  of  cham- 
bers, which  perform  the  Amotions  of  internal  gills.  In  oUiers  the  gills  are 
external,  and  appear  as  ornamental  appendages  on  different  parts  of  the 
body,  or  as  plumes  of  great  beauty  surmounting  the  head.  The  snowy  . 
feathers  bending  on  the  head  of  the  ball-room  queen,  or  waving  on  the  steel 
helmet  of  the  warrior,  serve  but  as  decorations ;  the  graceful,  and,  at  times, 
brilliant  plume  displayed  by  the  annelid,  serves,  not  for  ornament  solely, 
but  performs  the  important  function  of  a  respiratory  organ. 

And  now  that  I  have,  by  this  comparison,  freed  my  thoughts  from  the 
strict  trammels  of  science,  1  must  tell  a  little  tale  to  my  younger  readers, 
and  lead  them  to  observe  similar  facts  for  themselves. 

It  was  the  month  of  March.  Some  of  my  children  had  brought  home 
frogs'  spawn,  and  we  had  been  watching  its  progress  until  the  young  tad- 
poles had  burst  tlieir  prison-house,  and  were  swimming  about.  It  became 
a  question  how  they  were  to  be  fed,  so,  accompanied  by  some  of  the  young- 
sters— I  mean  some  of  the  young  bipeds,  not  the  young  tadpoles — I  sallied 
forth.  We  left  the  town  a  mile  behind  us,  and  got  into  the  country,  and 
amid  green  fields  and  hedgerows,  full  of  indications  of  the  coming  spring, 
we  sought  the  required  nutriment.  It  consisted  of  certain  aquatic  plants — 
fresh-water  alg83 — which  we  found  in  the  clear  water  of  the  ditches.  A 
mass  of  it  was  gathered  and  transferred  to  a  tin  botanical  box,  and  we 
trudged  merrily  homewards,  the  object  of  our  expedition  having  been 
accomplished.  On  our  anival  we  got  a  couple  of  glass  vessels  conteining 
some  water,  and  transferred  to  them  the  contents  of  our  box.  Almost 
immediately  some  small  Crustacea  made  their  appearance,  like  animated 
specks  swimming  briskly  about.  Then  some  water-beetles  got  themselves 
disentangled  from  the  vegetable  mass,  and  began  their  movements ;  then  a 
great  worm  showed  part  of  its  body,  and  vanished.  It  came  forth  again, 
contracted  its  body  in  a  peculiar  manner,  fixed  itself  to  the  side  of  the  glass 
by  one  extremity,  flung  the  other  end  for  a  moment  upwards,  then  applied 
it  also  to  the  glass,  and  moved  the  other  towards  it.  It  was  not  a  worm  at 
all — it  was  a  horse-leech  I  , 

Great  was  the  delight  at  this  discovery,  endless  the  expressions  of  wonder 
as  the  leech  paced  along  the  plants,  eacfi  end  of  its  body  al3ting  in  turn  as  a 
sucker,  and  becoming  a  point  of  attachment.  The  sucker  was  a  broad,  ex- 
panded, saucer-shaped  disc.  None  who  were  then  present  will  fail  to 
remember,  that  whenever  a  worm-like  creature  with  such  a  sucker  at  each 
end  of  the  body  is  found,  that  animal  is  a  leech.  The  suctorial  discs  dis- 
tinguish it  from  other  annelids. 

When  we  gaze  for  some  time  on  an  active  leech,  observe  the  varie^  of 
movement  wmch  it  exhibits,  and  the  sudden  change  of  form  of  which  it  is 
capable,  we  are  led  to  ask  how  all  this  is  accomplished.  The  anatomist 
answers  the  question.  He  teUs  us  that  the  body  is  furnished  with  three 
distinct  series  of  muscular  fibres.  The  outer  one  forms  the  external  surface 
of  the  rings  of  the  body ;  its  direction  is  transverse.    The  inner  one  is  com- 


posed  of  fibres,  whicli  are  longitudinal,  or  mn  lengthways.  The  intermediate 
set  is  orossways,  or  diagonal,  so  that  by  their  combinations  every  possible 
variety  of  movement  is  obtained. 

The  horse-leech  spends  the  winter  in  the  soft  mud  in  the  bottoms  of 
drains  and  ditches,  and  rouses  to  fresh  activity  with  returning  spring. 
Unless  specially  sought  for,  it  comes  but  seldom  imder  the  notice  of  those 
who  live  most  generally  in  populous  towns  or  cities.  Let  us  turn,  therefore, 
from  it  to  the  medicinal  leech  {Hirudo  mediinnalts),  a  species  more  gene- 
raUy  known,  and  whose  services  are  very  highly  ana  justly  appreciated. 

To  some  of  my  readers  the  leech  is  associated  with  sickness  and  suffering — 
with  the  stillness  of  the  sick  room,  the  visits  of  the  physician,  the  bleedmg, 
the  sponging,  and  other  matters  incidental  to  such  a  period.  ''Let  such 
bethmk  them  "  that  the  leech  comes  as  the  healer,  not  as  the  promoter  of 
disease ;  as  the  benefactor,  not  as  the  tormentor ;  and  if  regarded  in  this 
light,  or  viewed,  if  not  with  complacency,  at  least  without  feelings  of  dis- 
like, I  majr  perhaps  not  try  the  patience  of  my  young  friends  too  far  if  1 
call  attention  to  two  or  three  interesting  peculiarities  of  structure,  or  at 
least  what  appear  to  me  to  be  so. 

The  leech  being  formed  to  get  its  food  by  suction,  must  have  its  eyes  so 
placed  as  to  guide  the  lips,  by  which  the  suction  is  to  be  performed,  to  the 
proper  position.  Were  I  to  ask  where,  for  such  a  purpose,  the  eyes  should 
be  hxed,  some  merry  joking  little  urchin  might  answer,  **  On  the  lip  itself," 
that  being,  as  he  conjectures,  the  most  unlikely  possible  place  for  eyes  to  be 
found.  Yet,  in  this  instance,  the  supposed  absurdity  turns  out  to  be  the 
sober  fact.  The  eyes  are  on  the  upper  margin  of  the  lip ;  they  are  ten  in 
number,  and  may  easily  be  distinguished  by  the  aid  of  a  magnifying-glass 
of  moderate  power. 

The  bite  of  the  leech  leaves  a  triangular-shaped  mark.  How  is  this  occa- 
sioned ?  The  mouth  is  itself  triangular,  and  has  three  crescent-shaped  jaws, 
the  margin  of  each  of  them  being  furnished  with  sixty  small 
teeth  (Fig.  47).-  Each  of  these  teeth  resembles,  therefore,  a 
small  semicircular  saw ;  and  the  skin  being  stretched  out  by 
means  of  the  suctorial  lip,  becomes  quite  tense,  like  the 
head  of  a  drum ;  the  saws  being  then  brought  into  play  by 
bundles  of  muscular  fibre  adapted  to  that  purpose,  the 
characteristic  tri-radiate  bite  is  produced. 
We  have  read  in  our  boyhood  of  the  camel,  "  the  ship  of 
Fig,  47.  the  desert,"  and  of  its  woudrously-formed  stomach,  in  wnich 
water  remains  unchanged.  But  few  of  us  have  supposed  that  the  leech  has 
a  stomach  not  less  extraordinary.  It  is  divided  into  eleven  compartments, 
and  in  the  first  eight  of  these  the  blood  may  remain  for  months  unchanged 
either  in  colour  or  fluidity,  the  creature  merely  allowing  so  much  to  pass 
into  the  alimentary  canal  as  is  actually  necessary  to  preserve  its  existence. 

All  of  these  peculiarities  of  organization  offer  matter  for  remark ;  but 
instead  of  any  comments  of  my  own,  I  shall  lay  before  my  readers  a  reflec- 
tion made  by  Professor  Eymer  Jones.  **  On  contemplating,"  says  he,  *'  the 
singular  dental  apparatus  found  in  the  medicinal  leech,  and  considering  the 
nature  of  the  food  on  which  it  usually  lives,  it  is  difficult  to  avoid  arriving 
at  the  conclusion  that  such  a  structure,  which  is  indeed  only  met  with  in 
one  or  two  species,  is  rather  a  provision  intended  to  render  tnose  creatures 
ubservicnt  to  the  alleviation  of  human  suffering,  than  necessary  to  supply 


the  wants  of  the  animals  themselves.  In  the  streams  and  ponds  which  they 
usually  inhabit,  any  opportunity  of  meetiog  with  a  supply  of  the  blood  of 
warm-blooded  vertebrata  must  be  of  rare  occurrence,  so  that  comparatively 
few  are  ever  enabled  to  indulge  the  iustinct  which  prompts  them  to  gorge 
themselves  so  voraciously  when  allowed  to  obtain  it. 

We  must  not,  however,  if  we  would  rightly  understand  the  structure  and 
habits  of  this  tribe,  restrict  our  view  to  those  which  are  seen  at  home ;  we 
must  extend  it  to  such  as  are  found  in  other  countries.  In  Egypt  there  is 
a  species  which  was  a  source  of  annoyance  to  the  soldiers  of  the  celebrated 
French  expedition,  and  which  occasionally  was  a  source  of  injury  to  the 
horses,  by  getting  into  their  nostrils,  and  then  inflicting  their  customary 
wound.  Their  mil  power  as  tormentors,  under  certain  circumstances,  and 
in  restricted  localities,  is  nowhere  so  well  exemplilied  as  in  the  island  of 
Ceylon ;  and  to  it  I  must  now  direct  your  attention. 

The  leeches  of  Ceylon  are  extremely  diminutive  when  compared  with  our 
native  horse-leech,  or  even  with  the  medicinal  leech.  Their  length  is  about 
a  couple  of  inches,  their  thickness  not  much  above  that  of  coarse  hair  or 
packthread,  but  when  distended  with  food  equal  to  that  of  a  quill.  But 
though  pigmies  in  size,  they  become  to  the  traveller  a  serious  source  of 
annoyance  from  their  countless  numbers.  They  exist  by  myriads  in  the 
moist  herbage,  and  fix  themselves  unnoticed  on  ilie  feet  and  legs,  so  that  the 
unfortunate  wayfarer  occasionally  finds  them  bathed  in  blood  before  he  is 
aware  that  he  has  been  attacked.  The  European  provides  himself  with  a 
pair  of  stout  boots,  and  stalks  along  congratulating  himself  on  his  impunity. 
After  a  time  a  strange  moisture  manifests  itself,  and  putting  down  his  hand, 
he  discovers  that  his  assailants  have  scaled  the  fortress  and  gained  the 
citadel — they  have  got  within  the  boots.  Wiser  by  experience,  he  now  ties 
his  trousers  firmly  round  the  upper  part  of  the  boots,  and  resumes  his 
journey.  The  heat  is  great,  but  me  perspiration  seems  peculiarly  abundant 
about  the  back  of  his  neck.  He  applies  Ms  fingers  to  the  part,  and  finds,  to 
his  dismay,  that  it  is  covered  with  blood ;  one  of  his  persevering  assailants 
has  climbed  up  his  back,  and  feasted  itself  to  satiety  on  his  neck  I  Per- 
plexed at  this  fresh  assault,  he  stops  to  ascertain  the  extent  of  his  calamity, 
and  when  he  raises  his  eyes,  beholds,  to  his  dismay,  the  whole  herbage 
around  him  alive  with  leeches.  Each  one  raises  itself  erect,  as  if  for  me 
purpose  of  observation,  and  directs  his  course  right  towards  die  intruder  on 


Fig.  48. 


his  solitude  (Fig.  48).  Each  moves  by  rapid,  yet  measured  paces,  as  a  sur- 
veyor might  be  supposed  to  do  if  engaged  in  estimating  distance.  The 
traveller  sees  himself  the  focus  of  attraction — ^his  assailants  are  converging 
towards  him — smitten  with  sudden  terror,  he  starts  from  his  resting-place, 
and  seeks  safety  in  flight. 

A  friend  of  mine,  who  has  been  all  his  life  a  very  accurate  observer,  has 
favoured  me  in  one  of  his  letters  with  the  following  very  graphic  account  of 
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tke  Ceylon  leeches.   I  hope  it  mav  afford  to  my  readers  the  same  amoimt  of 
amusement  and  information  that  I  have  myself  derived  from  its  perusal. 

"  Some  of  them  are  as  fine  as  needles ;  all  of  a  light  clear  brown,  wili  the 
usual  yellow  or  pale  stripe.  Leaves  fall  from  the  trees  on  the  jungle  paths, 
and  it  is  among  these  leaves,  at  parts  where  the  jungle  overhead  is  so  thick 
that  ihe  leaves  are  always  moist,  that  they  princip^y  abound  ;  but  after  a 
shower,  even  the  places  formerly  driest  have  plenty  of  them.  In  the  morn- 
ings and  evenings  the  grass  all  over  the  cleared  country  abounds  with  them. 
They  are  not  found  near  Columbo,  that  is,  not  within  fifteen  or  twenty  miles 
of  it ;  the  same  is  the  case  in  many  other  parts  of  the  low  flat  country,  where 
the  moisture  is  too  rapidly  and  too  comjMctely  dried  up.  Persons  say  that 
they  drop  upon  you  from  the  trees.  I  do  not  believe  this,  and  I  think  the 
error  has  arisen  from  finding  them  on  the  neck,  to  which  they  have  ascended 
in  their  search  of  a  hole  to  creep  in  by.  I  have  often  watched  their 
manoeuvres,  when  I  chanced  to  be  walking  the  last  of  a  party.  Look 
ahead,  and  not  one  is  to  be  seen ;  but  the  moment  the  first  person  disturbs 
the  leaves,  multitudes  of  little  heads  appear,  as  if  the  ground  aboimded  with 
the  nests  of  polypi,  twisting  their  tentacula  about.  The  celerity  with  which 
they  attach  themselves  to  the  boot  or  shoe  of  the  next  comer  would  surprise 
you  ;  the  instant  they  feel  it,  they  let  go  their  hold  of  the  leaves,  are  trans- 
ferred to  the  shoe,  and  then  on  they  go  in  search  of  any  cranny  for  entrance 
which  the  unwary  traveller  may  have  left.     The  variety  of  their  attitudes 

while  thus  engaged  may  be  imagined 
rom  the  annexed  sketch  (Fig.  49.) 
You  never  feel  them  untU,  having 
saturated  themselves  with  blood, 
^.  their  weight  begins  to  make  them 

^^*     •  drag  on  the  wound;    when  empt}' 

they  have  no  weight,  and  do  not  drag.  '  Their  mouth  is  placed  obliquely  to 
the  axis  of  the  body.  I  could  perceive  no  teeth ;  the  wound  is  irregular, 
extremely  small,  and  rather  elongated ;  the  disc  at  the  postal  extremity  is 
flat  and  round,  perfectly  smooth,  and  the  body  contracts  rather  suddenly 
above  it.  On  going  along  with  these  gentry  adhering  to  you,  of  course  you 
strike  off  as  many  as  you  can  conveniently  get  at,  but  every  two  hundred 
yards  you  are  forced  to  stop  wherever  you  can  find  a  large  stone  to  stand  on, 
or  a  bare  patch  of  the  path,  so  that  you  can  guard  against  a,ny  fresh  attacks, 
and  then  you  begin  to  weed  off.  The  natives  use  a  half  lime  (lemon),  the 
acid  juice  of  which  curls  them  up  in  a  twinkling;  or  a  drop  of  saliva  from 
their  mouths,  when  chewing  tobacco,  has  the  same  effect.  The  planters 
touch  them  with  the  ash  at  the  lighted  end  of  a  cigar,  or  tie  a  piece  of  the 
dried  leaf  of  tobacco  dipped  in  water  across  their  shoe.  Either  mode  is  per- 
fectly effectual,  and  they  twist  about  in  fifty  shapes,  instantly  letting  go.  In 
travelling  through  the  jungle,  the  planters  use  leech-gaiters,-  which  have 
feet  like  a  stocking,  are  made  of  duck  or  coarse  calico,  and  tie  above  the 
knee.  I  tied  my  trousers  tight  round  my  boots,  or  better  still,  the  boots 
tight  round  the  trousers,  as  they  seldom  descend,  but  still  keep  ascending : 
this,  however,  is  not  always  to  be  depended  on.  Horses  and  cattle  get  quite 
mad  with  them,  and  stamp  like  devib.  There  is  one  nearly  allied  species, 
larger  and  longer,  which  frequents  the  edges  of  pools,  and  gets  into  the 
nostrils  of  black  cattle,  where  they  stick  for  weeks,  often  destroying  the 
animals,  which  sink  fh>m  Ices  of  blood  and  the  local  irritation :  it  is  of  a 
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sordid  brown,  and  has  no  lateral  band.  I  forgot  to  say  that  at  every  step 
the  jungle-leech  takes,  it  pokes  its  nose  up  in  the  air,  moving  it  about  as  if 
in  search  of  a  whiff  of  wind  from  the  unhappy  victim  ;  and  I  never  could 
ascertain  by  what  faculty  they  became  cognizant  of  his  presence,  as  they 
seem  to  come  up  in  all  directions,  irrespective  of  what  way  the  wind  blows, 
from  a  distance  of  about  eight  or  ten  feet,  which  they  could  traverse  in  about 
as  many  minutes.  When  they  have  got  their  full  supply  of  blood,  they  do 
not  drop  off,  unless  inconvenienced  bv  the  friction  of  the  clothes  against 
them,  but  seem  disposed  to  stick  until  they  are  ready  for  a  fresh  feed.  They 
seem  to  select,  when  they  can,  the  most  tender,  juicy  parts,  so  that  after  they 
are  detached  the  wound  bleeds  very  freely,  your  stockings  being  often 
saturated.  In  the  same  way  they  always  seek  to  attach  themselves  to  the 
horse's  fetlock,  and  get  to  tne  inner  side  of  his  leg  above ;  and  as  the  Indian 
horses  have  all  extensive  cutaneous  circulation,  like  our  high-breds,  I  have 
often  traversed  the  jungle  with  the  legs  of  my  grey  horse  brilliant  red  from 
the  knees  down,  with  here  and  there  a  white  longitudinal  streak — a  very 
cardinal!" 


CHAPTER    XIV. 

LEECHES  AND  EAETH-WOEMS. 


I  HAVE  been  spinning  what  sailors  would  call  "a  long  yam"  about  leeches  j 
but  I  have  not  yet  done  with  them.  They  stick  to  me,  not  bodily,  but 
mentally.  The  contemplation  of  their  structure  and  habits  suggests  the 
reflection,  "Surely  these  humble  annelids  exercise,  under  certain  circum- 
stances, an  important  influence  over  man  himself."  A  gentleman  who  re- 
sided for  some  time  among  the  coffee  plantations  of  the  island  of  Cevlon  told 
me  that  when  he  descended  to  the  lower  grounds,  and  wanted  in  the  course 
of  his  wayfaring  to  eat  his  dinner  undisturbed  by  the  leeches,  he  found  the 
best  plan  was  to  wade  into  a  river  or  other  water,  sit  down  on  a  stone,  if  he 
could  find  one,  and  there  enjoy  his  repast  secure  from  molestation.  Let 
some  who  live  at  home,  and  **  fare  sumptuously  every  day,"  think  how  great 
must  be  the  annoyance  that  could  make  such  a  situation  as  a  stone  in  a 
river's  bed  a  place  of  comfort.  A  satirist,  with  a  little  stretch  of  imagina- 
tion, might  tell  us  of  some  warrior  leech  returning  to  his  companions  in  the 
jungle,  and  describing,  in  a  tone  of  exultation,  how  he  had  scaled  the  defences, 
sucked  the  blood  of  a  pale-faced  son  of  Europe,  and  driven  him  from  their 
domain ;  or  how  a  medicinal  leech  had  collected  her  descendants  around 
her,  and  pointed  out  how  carefully  the  great  "  two-legged  animal  without 
feathers"  attended  to  their  wants,  and  at  times  prepared  for  them  a  banquet 
on  the  fairest  and  plumpest  of  his  own  species.  A  grandmother  leech  tnua 
detailing  the  results  of  her  experience  might  inculcate  her  conviction  thitt 
man  was  surely  created  for  the  especial  benefit  of  leeches ! 

Passing  from  these  topics,  let  us  glance  at  the  signification  of  the  word 
leech  in  tim^s  gone  by.  It  was  not  confined  to  the  annelid,  but  applied 
qIqo  to  professors  or  practitioners  of  the  art  of  healing.  Thus  we  have  in 
Spenser — 

"  The  learned  leeeh 
His  cimntn^  hand  'gan  to  his  wounds  to  lay.*' 


ow-  THE  HOKE  TUTOK.  .^ 

Elsewhere  the  same  great  poet  has  introduced  the  same  epithet  in  lines  of 
deep  significance : — 

"  A  leech  which  had  great  insight 
In  that  disease  of  grieved  conscience, 
And  well  could  cure  the  same ;  his  name  was  Patience.  \ 

The  question  may  naturally  be  asked,  Did  the  man  derive  the  appellation 
from  the  annelid,  or  the  annelid  from  the  man  ?  A  friend,  who  is  in  my 
eyes  a  learned  pundit  in  all  such  matters,  informs  me  that  the  epithet  in 
both  cases  was  derived  from  the  same  root— a  Saxon  word  which  signifies 
**  to  heal."  The  old  word  "  leech-craft"  denoted,  therefore,  the  art  of  heal- 
ing ;  and  its  occurrence  in  some  of  our  old  metrical  romances  tempts  me  to 
linger  on  my  way,  and  couple  this  part  of  my  subject  with  the  legendary  and 
historic  lore  of  other  days. 

Among  the  ancient  Germans  the  women  followed  the  armies  to  the  field, 
and  dressed  the  wounds  of  the  combatants.  Ladies  ^^e  not  unfrequently 
as  surgeons  in  the  romances  of  the  twelfth  and  thirteenth  centuries,  as 
well  as  in  the  poems  of  Ariosto,  Tasso,  Spenser,  and  later  bards.  The 
following  passage  occurs  in  Ywaine  and  Gawin^  written  in  the  reign  of 
Richard  II. : — 

**  Twa  HKiydins  with  him  thai  left. 
That  wele  war  lered  of  lechecrafty 
The  lorde's  doghters  bothth  ai  wore." 

Again,  in  the  celebrated  Morte  ^Arthur^  we  read  that  the  knight  Sii- 
Tristram,  having  been  sorely  wounded  with  a  poisoned  spear.  King  Marke 
sent  **  after  all  manere  of  leches  and  surgeons,  both  unto  men  and  wymmen, 
and  there  was  none  that  wold  behote  hym  the  lyf."  And  in  the  ancient 
and  popular  ballad  of  Sir  Caulme,  the  king  applies  the  term  **  leeche"  to  his 
daughter,  when  he  calls  upon  her  to  exercise  her  skill  on  behalf  of  the 
wounded  though  victorious  knight : — 

**Corae  down,  come  down,  my  daughter  deare, 
Thou  art  a  leeche  of  skille ; 
Farre  lever  had  I  lose  half  my  lands. 
Than  this  good  knight  should  spille." 

It  is  under  circumstances  somewhat  similar  that  Rebecca  is  represented 
as  taking  charge  of  the  Knight  of  Ivanhoe.  Sir  Walter  Scott,  while  he 
recounts  the  fact,  invests  it  with  new  tenderness  and  elevation.  "The 
idea,"  he  says,  "  of  so  young  and  beautiful  a  person  engaged  in  attendance 
on  a  sick-bed,  or  in  dressing  the  wound  of  one  of  a  different  sex-,  was  melted 
aWay  and  lost  in  that  of  a  beneficent  being,  contributing  her  effectual  aid  to 
relieve  pain,  and  to  avert  the  stroke  of  death." 

But  revenons  a  nos  moutons.  Let  us  quit  both  poetry  and  romance,  and 
learn  what  aiTangement  or  classification  of  the  annelids  has  been  proposed 
by  Cuvier,  and  by  others  who,  like  him,  we  regard  as  our  **  very  noble  and 
approved  good  masters." 

By  Cuvier  they  were  divided  into  three  orders,  distinguished  by  the  nature 
and  position  of  tneir  organs  of  respiration.  In  the  first  of  these  (Abranchia) 
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there  were  no  external  gills ;  in  another,  the  respiratory  organs  were  at  the 
anterior  extremi^  of  the  body  {Tubicola) ;  in  the  third,  they  were  placed 
along  the  back  {norsibranchiata).  Dr.  Milne  Edwards,  the  eminent  pupil 
of  Cuvier,  made,  however,  an  important  change  in  the  system  laid  down  by 
his  great  master.  He  divided  the  first  of  these  groups  into  two,  thus  sepa- 
rating the  leeches  from  the  earth-worms.  The  suctorial  discs  at  either 
extremity,  to  which  reference  has  already  been  made,  distinguish  the  leeches 
from  all  others  belonging  to  the  class.  The  absence  of  these  discs,  and  the 
presence  of  a  number  of  minute  and  almost  imperceptible  bristles,  which 
assist  in  progression,  form  good  distinctive  characteristics  by  which  the 
earth-worm  and  its  allies  are  easily  recognized.  Its  very  name  impHes  that 
it  lives  in  the  earth,  or,  to  adopt  a  more  learned  mode  of  expressing  the  same 
idea,  that  it  is  **  terricolous."  Others  live  in  the  sand  of  tne  sea-shore,  but 
the  term  just  used  is  applied  to  both. 

Perhaps  some  of  my  young  friends  are  fond  of  puzzles  and  perplexing 
questions.  If  so,  I  would  ask  them  to  string  together  three  terms,  which 
could  define  a  leech,  and  suggest  one  characteristic  habit.  '^  A  leech  is  an 
— ^Do  you  give  it  up? — An  Abranchial  suctorial  Annelid"  They  may, 
perhaps,  amuse  themselves  by  bearing  those  three  terms  in  mind,  repeating 
them,  and  recollecting  what  they  express.  If  they  do  so,  they  will  have  a 
clear  idea  of  the  characteristics  of  Order  I.,  the  Annellata  Suctgria — ^that 
is  to  say,  of  the  leeches.  And  as  we  have  already  been  attending  to  their 
stnicture  and  habits,  we  now  bid  them  good-by,  and  proceed  to — 


Order  II. — Axnellata  Terricola, 

"  Whoever,"  says  Professor  Rymer  Jones,  "  has  attentively  watched  the 
operations  of  an  earth-worm,  when  busied  in  burying  itself  in  the  earth, 
must  have  been  struck  with  the  seeming  disproportion  between  the  laborious 
employment  in  which  it  is  perpetually  engaged,  and  the  means  provided  for 
enabling  it  to  overcome  difficulties  apparently  insurmountable  by  any  animal, 
unless  provided  with  limbs  of  extraordinary  construction,  and  possessed  of 
enormous  muscular  power.  In  the  mole  and  the  burrowing  cricket  we  at 
once  recognize,  in  the  immense  development  of  the  anterior  legs,  a  provision 
for  digging  admirablv  adapted  for  their  subterranean  habits,  and  calculated 
to  throw  aside  with  facility  the  earth  through  which  they  work  their  way ; 
but  in  the  worms  before  us,  deprived  as  they  appear  to  be  of  all  external 
members;  feeble  and  sluggish  even  to  a  proverb,  where  are  we  to  look  for 
that  mechanism  which  enables  them  to  perforate  the  hard  surface  of  the 
ground,  and  to  make  way  for  themselves,  in  the  hard  and  trodden  mould, 
the  pathways  which  they  traverse  with  such  astonishing  facility  and  quick- 
ness? 

The  explanation  is  to  be  found  partly  in  the  form  of  the  head,  which 
pierces  the  ground  like  a  wedge,  and  partly  in  the  minute  bristles  with 
which  every  ring  of  the  body  is  endowed.  If  we  pass  our  hand  along  the 
body  of  the  earth-worm,  from  the  head  backwards,  we  are  scarcely  aware  of 
their  presence ;  but  if  we  reverse  the  movement,  they  are  at  once  perceived. 
This  arises  from  the  hooked  form,  and  from  the  points  being  directed  towards 
the  tail.  Thev  take  a  firm  hold  on  the  ground,  prevent  any  retrograde 
movement,  and  afford  the  necessary  support  for  the  next  advance. 
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The  word  seta  means  a  bristle ;  aetigerous,  beaiing  or  carrying  bristles. 
Substitute  this  word  for  **  suctorial,"  in  the  definition  of  the  leech,  and  the 
same  terms  with  this  one  alteration  will  apply  to  the  creatures  now  under 
consideration.  The  eartii-worm  is,  therefore,  an  ^^  abranchial  setigerous 
annelid." 

The  alimentary  canal  is  straight,  and  very  capacious.  It  is  generally 
found  filled  with  earth ;  and  hence  an  idea  was  at  one  time  prevalent,  that 
while  other  creatures  were  nourished  from  the  animal  and  vegetable  king- 
dom, the  earth-worm  derived  its  nutriment  from  the  soil  itself,  or,  in  other 
words,  from  the  mineral  kingdom.  This  idea  has  been  long  since  exploded ; 
it  is  nourished  not  by  the  sod,  but  by  the  particles  of  decaying  animal  and 
vegetable  matter  contained  therein.  The  mouth  is  furnished  with  a  short 
proboscis,  but  is  without  teeth. 

In  White's  Natural  History  of  Selborne — ^that  well-known  and  delightful 
volume — the  amiable  author  remarks : — 

"  The  most  insignificant  insects  and  reptiles  are  of  much  more  consequence, 
and  have  much  more  influence  in  the  economy  of  nature,  than  the  incurious 
are  aware  of ;  and  are  mighty  in  their  effect  from  their  minuteness,  which 
renders  them  less  an  object  of  attention,  and  from  their  numbers  and 
fecundity.  Earth-worms,  though  in  appearance  a  small  and  despicable  link 
in  the  chain  of  nature,  yet,  if  lost,  would  make  a  lamentable  chasm.  For, 
to  say  nothing  of  half  the  birds,  and  some  quadrupeds,  which  are  almost 
entirely  supported  by  them,  worms  seem  to  be  the  great  promoters  of 
vegetation,  which  would  proceed  but  lamely  without  them,  by  boring, 
perforating,  and  loosening  the  soil,  and  rendering  it  pervious  to  rains  and 
fibres  of  plants,  by  drawing  straws  and  stalks  of  leaves  and  twigs  into  it  ; 
and  most  of  all  by  throwing  up  such  infinite  numbers  of  lumps  of  earth 
called  worm-casts,  which,  being  their  excrement,  is  a  fine  manure  for  grain 
and  grass." 

The  opinions  thus  advanced  by  the  Eev.  Gilbert  White,  as  to  the  import- 
ance ana  utility  of  earth-worms,  have  been  confirmed  by  the  observations  of 
Charles  Darwin,  Esq.,  and  were  communicated  by  him  to  the  Geological 
Society  of  London.  Not  only  is  the  earth-worm  useful  in  rendering  the 
earth  permeable  to  air  and  water,  but  it  is  also  a  most  active  and  powerful 
agent  in  adding  to  the  depth  of  the  surface  soil.  In  a  past^ire-field,  which 
has  long  remained  undisturbed,  not  a  pebble  will  be  seen,  although  in  an 
adjoining  ploughed  field  a  large  proportion  of  the  surface  may  be  composed 
of  loose  stones.  This  difference  he  attributes  to  the  working  of  worms,  and 
states  his  conviction  that  every  particle  of  earth  in  old  pasture  land  has 
passed  through  their  intestines  ;  and  hence  that,  in  some  senses,  the  term 
**  animal  mould"  would  be  more  appropriate  than  **  vegetable  mould." 

In  some  fields,  which  had  a  few  years  before  been  covered  with  lime«  and 
in  others  which  had  been  coated  with  burnt  marl  and  cinders,  these  sub- 
stances were  found  in  every  case  buried  to  the  depth  of  some  inches  below 
the  turf,  just  as  if ,  as  the  farmers  believe,  these  materials  had  worked  them- 
selves down.  From  the  continuous  operation  of  these  unseen  and  noiseless 
labourers,  it  has  been  estimated  that  the  marl  laid  upon  a  field  for  manure 
would,  in  the  course  of  eighty  years,  be  covered  witi  soil  to  the  depth  of 
thirteen  inches. 

Every  one  who  has  read  Miss  Edgeworth's  tale  of  Forester  will  recollect 
how  much,  when  in  the  employment  of  the  gardener,  he  was  pained  by 
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cutting  tlie  Tforms  in  pieces  with  his  spade.  If  some  theories,  once  cnrrent, 
had  been  correct,  this  severing  of  the  body  should  have  caused  only  the 
multiplication  of  the  individual ;  for  it  was  believed  that  each  part  con- 
tained vitality,  and  became  a  perfect  animal.  The  progress  of  knowledge 
dissipated  this  idea,  and  estabushed  the  belief,  that  ii  an  earth-worm  be  cut 
in  two,  only  the  piece  which  bore  the  head  would  be  found  aHve  after  the 
lapse  of  a  fe ^  hours ;  that  on  this  segment  a  new  tail  would  be  gradually 
formed,  and  all  appearance  of  injury,  m  time,  effaced.  It  was  also  asserted 
that  "  if  the  division  be  made  near  the  head,  the  body  will  remain  alive,  and 
will  renew  the  head,  and  the  head,  with  its  few  attached  segments,  will  die." 
The  statement  that  the  head  will  be  thus  renewed  has,  however,  been  recently 
called  in  question  in  a  Report  on  the  Structure^  Habits^  and  Classification  of 
the  British  AnnelicUey  by  Dr.  T.  Williams.  In  this  valuable  communication 
it  is  stated  that  "the  views  w;hich  commonly  prevail  with  reference  to  the 
regenerative  powers  of  these  animals  are  greatly  exaggerated,  if  not  alto- 
gether incorrect.  A  true  head  is  never  reproduced.  If  a  worm  of  any 
species,  the  NaisJiliformiSy  for  example,  upon  which  the  principal  of  my 
observations  has  been  instituted,  be  cut  into  two  parts,  the  anterior  never 
re-constructs  a  true  tail,  nor  does  the  posterior  ever  re-organize  a  true  head ; 
but  both  fragments  will  live  for  a  considerable  time,  and  the  anterior  extre- 
mity of  the  posterior  fragment  will  suck  in  nourishment,  swell  in  size,  and 
become  more  vascular,  while  it  preserves  the  distinctive  organization  of  one 
of  the  middle  rings  of  the  body.     It  never  re-forms  a  true  head.** 

Such  statements,  founded  on  observations  carefully  repeated,  upset  our 

Erevious  ideas,  and  show  us  how  much  remains  to  be  done  to  gain  a  know- 
3dge  of  even  the  most  common  of  our  native  species.  When  I  add  that  both 
leeches  and  earth-worms  are  hermaphrodites — that  is  to  say,  that  each  indi- 
vidual is  both  male  and  female,  and  that  the  eggs  of  the  earth-worm  are 
said  to  contain  not  unfrequentiy  two  yolks,  ana  give  origin  to  two  indi- 
viduals— my  readers  will  see  that  even  this  humble  creature  may  aJPord 
matter  both  for  observation  and  thought. 


CHAPTER  XV. 


TUBICOLAK  ANKELIDS. 


Thte  third  order  of  Annelids  {Annellata  tuhicoke)  comprises  those  which  do 
not  move  about  like  leeches  or  earth-worms,  but  lead  a  very  sedentary  life, 
encased  in  tubes  which  vary  in  their  form  and  material.  The  encomium 
which  was  applied  to  the  Eoman  matron,  "  manet  domum  " — she  stayed  at 
home— is  strictly  applicable  to  tiiem ;  for  they  are,  in  their  perfect  coniition, 
without  the  power  of  roaminjB^  even  if  they  had  the  inclination. 

It  is  obvious  that  suoh  woni»  cannot  breathe  by  pores  or  sacs,  like  leeches 
or  earth-worms.  Amodifiootiont^thebreatiung  apparatus  is  consequently- 
required ;  and  aooofdinglT  w«  find  it  in  the  ibrm  of  tufts  of  great  elegance, 
arranged  about  the  antmor  extremity  of  the  body  (Fig.  1^0),  where  alone 
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Fig.  50. 


they  would  be  in  contact  with  the  sea-water.  An  example  of  this  struc- 
ture is  furnished  in  the  calcareous  tubes 
which  are  common  on  dead  shells,  an^ 
which  incrust,  in  a  very  striking  and  fan- 
tastic manner,  old  bottles  and  other  articles 
which,  after  long  immersion  in  the  sea,  are 
brought  to  light  by  the  dredge.  The  figure 
here  given  represents  one  of  those  shells 
(Serpula  cont&rtuplicata),  with  a  portion  of 
the  body  protruded ;  but  the  whole  pro- 
cedure is  so  well  described  by  Professor 
Eymer  Jones,  that  I  cannot  resist  quoting 
his  words,  and  requesting  my  readers  to 
verify  for  themselves  the  fidelity  of  his 
description : — 

*  If,  while  the  contained  animals  arc 
alive,  they  be  placed  in 
a  vessel  of  sea- water,  few 
spectacles  are  more  pleas- 
ing than  that  which  they 
exhibit.  The  mouth  of 
the  tube  is  first  seen  to 

open  by  the  raising  of  an  exquisitely  constructed  door, 
and  then  the  creature  cautiously  protrudes  the  anterior 
part  of  its  body,  spreading  out  at  the  same  time  two 
gorgeous  fan-like  expansions  of  a  rich  scarlet  or  purple 
colour,  which  float  elegantly  in  the  surrounding  water, 
and  serve  as  branchial  or  breathing  organs.'' 

The  shelly  matter,  of  which  the  tube  is  formed,  is  of 
course  secreted  by  the  contained  animal ;  but  by  what 
means  is  the  serpul-a  to  guard  itseK  against  unwelcome 
visitors  ?  How  is  the  entrance  of  its  sea- built  citadel  to  be 
secured  ?  Even  this  is  to  be  provided  for.  At  each  side  of 
the  mouth  is  a  fleshy  filament;  one  is  much  larger  and 
longer  than  the  other,  and  is  expanded  into  a  funnel-shaped 
lid  or  stopper. '  This  operculum,  to  use  the  more  scientific 
term,  fits  the  orifice  of  the  shell,  and  thus  forms  a  kind  of 
door,  which  efiectually  shuts  out  all  intruders,  and  is 
secured  by  a  living  mechanism  more  delicate  than  Chub}) 
or  Bramah  ever  constructed,  or  Hobbs  attempted  to  undo. 
It  must  not,  however,  be  imagined  that  all  the  sedentary 
worms  construct  their  mansions  in  the  same  style  of 
architecture.  There  are  some  which  do  not  supply  a  cal- 
careous material  for  the  edifice,  but  only  the  cement  whicli 
holds  the  several  parts  together.  The  accompanying  figure 
(Fig.  51)  represents  a  species  of  TerebeHa,  the  outer  cover- 
ing being  composed  of  shells,  particles  of  gravel,  and  other 
Fig.  61.  substances,  all  small  in  size,  but  agglutinated  together.  At 

the  sides  of  the  head  are  the  breathing  organs,  spreading  out  in  tufts  ;  and 
above  are  long  and  delicate  feelers ;  these  are  regarded  not  merely  as  organs 
of  touch,  but  as  instruments  for  the  capture  of  food. 
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We  now  come  to  the  fonrth  order,  which  form  in  their  hahits  a  complete 
contrast  to  the  tube-inhabiting  species,  and  are  gifted  with  such  powers 
of  locomotion,  that  Dr.  Milne  Edwards  has  bestowed  on  them  the  very 
appropriate  term  "  Errantes,"  or  wanderers.  Perhaps  no  species  is  so  weU 
known  as  the  "  Lob-worm,"  or  "lug  "  of  the  fishermen  {Arenicola  ptscatorum, 
Fig.  52).  On  many  parts  of  the  coast  it  is  abundant,  and  is  dug  out  of  the 
sand  to  be  used  as  bait.  The  respiratory  organs  appear  like  tufts  of  an  arbo- 
rescent, or  tree-like  form,  arranged  along  the  back — not  along  the  centre  of  it, 
but  towards  the  sides.  It  was  from  the  position  of  the  gills  along  the  dorsal 
aspect  of  the  body  that  Cuvier  applied  to  such  worms  the  term 
Dorsibranchiata,  and  made  this  the  name  of  the  order  to  which 
they  belonged. 

The  Lob-worm  is  so  easily  met  with,  that  any  of  my  readers 
who  sojourn  at  the  sea-side  during  the  summer  may  dig  out  a 
few  specimens,  and  examine  them  at  leisure.  When  placed  in 
glass  vessels,  and  looked  at  carefully  for  a  few  minutes,  the  beau- 
tiful little  respiratory  tufts  will  be  seen  to  be  continually  chang- 
ing their  aspect,  being  at  one  moment  a  bright  red,  and  the  next 
a  didler  tint,  just  as  the  blood  is  propelled  into  them  or  withdrawn, 
at  the  same  tune  expanding  or  contracting  in  size.  How  wonder- 
ful and  perfect  must  be  the  internal  mechanism  that  thus  mani- 
fests its  presence !  Just  while  you  are  gazing  at  the  "  lug,"  the 
anterior  extremity  suddenly  changes  its  appearance,  a  large  fleshy 
proboscis  is  suddenly  extended,  and  as  suddenly  wimdrawn. 
What  can  it  be  ?  Is  it  possible  that  the  worm 
is  putting  out  his  tongue  at  you,  and  actually 
laughing  you  to  scorn  ?  Do  not,  gentie  reader, 
let  your  amour  propre  be  thus  ofiended :  the 
creature  means  no  affront.  The  sudden  ex- 
hibition that  has  frighted  you  from  your 
"  propriety "  might  be  mistaken,  in  a  dead 
specimen  of  the  worm,  for  part  of  the  alimen- 
tary canal ;  but  its  office  is  widely  different. 
It  can,  at  the  pleasure  of  the  animal,  be 
turned  inside  out  like  the  finger  of  a  glove, 
and  it  then  forms  a  most  singular  proboscis, 
Fig.  52.  vsed  for  seizing  food,  and  not  unfrequently 
armed  with  teeth  of 
which  in  some  species 
pearance. 

It  has  been  stated  by  Miller,  a  high  authority  on 
zoological  matters,  that  in  a  species  of  Nereis  {N.  pi-o- 
liferttf  Fig  53)  he  observed  reproduction  to  take  place  by 
means  of  spontaneous  division.  The  young  is  formed 
from  the  hinder  part  of  the  body  of  the  parent,  as  shown 
in  the  annexed  illustration — a  segment  of  the  body  of 
the  parent  being  converted  into  the  head  of  the  offspring ; 
and  this  gradually  becomes  detached  by  the  narrowing 
of  the  joint  immediately  above.  Previous  to  its  separation,  the  young  some- 
times forms  another  bud  from  its  own  bod^^  in  the  same  naauner,  so  that 
three  generations  have  been  observed  thus  united ;  and  as  the  origiJ^^^  tail  ot 

z 


a    singular    construction,   and 
assume  a  very  formidable  ap- 
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the  parent  continues  as  tlie  tail  of  its  sucoessiTe  offg^ring,  it  seems,  like  a 
regiuar  entailed  estate,  to  descend  to  successive  generations.  It  is  probable 
that  our  knowledge  of  the  seeming  anomalies  of  this  species,  which  is  now 
very  imperfect,  may  receive  valuable  accessions  from  the  greater  attention 
which  has  of  late  been  bestowed  on  these  lowly  tribes. 

All  the  annelids  yet  mentioned  are  of  a  very  elongated  form  ;  but  there  are 
others  that  are  oval.  One  genus  of  these  bears  the  name  -^P^^''^*^^'*  -Aiong 
the  back  are  two  rows  of  membranous  scales  (Fig.  64),  and  undemeatli 
these  are  the  gills.  All  the  body  is  covered  witn  delicate,  silky  hairs,  from 
which  circumstance  the  common  English  name  of  ^*  Sea-mouse  "  has  probably 
originated.  At  the  sides  are  little  seta^  or  bristles  (Fig.  54),  which  are,  to 
a  certain  extent,  retractile.  These  hairs  are  of  a  remarkable  structure, 
being  in  some  species  barbed  on  each  side,  as  in  Aphrodita  hispida  (Fig.  64), 
thus,  in  point  of  fact,  forming  perfect  harpoons.  Such  weapons,  when  erected 
against  an  assailant,  would  obviously  be  more  formidable  than  "  quills  upon 
the  back  o'  the  fretful  porcupine." 

But  it  needs  "no  ghost  to  come  from  the  grave  to  toll  us "  that  if  such 
instruments  wore  drawn  back  into  the  body,  the  animal  itscK  would  be  the 
first  to  suffer  from  its  own  harpoons.  This  danger  is  averted  by  a  very 
simple  and  beautiful  contrivance.  Each  of  the  barbed  spines  is  rumished 
with  a  smooth  horny  sheath,  composed  of  two  blades ;  these  close  on  the 
spines  when  drawn  inwards,  and  most  effectually  protect  the  fiesh  from 
injury  (Fig.  64). 

The  most  obvious  character  of  the  hairs  of  the  Sea- 
mouse  is  not,  however,  that  which  has  just  been  men- 
tioned, but  the  pUy  of  rainbow  colours  over  their 
surface.  The  metallic  effulgence  of  copper  ores,  the 
wings  of  tropical  insects,  the  breasts  of  the  brightest 
humming-birds,  are  objects  called  to  mind  by  this 
beautiful  iridescence.  Often,  however,  it  has  been 
my  lot  to  bring  up  the  Sea-mouse  in  the  dredge,  sur- 
rounded by  a  mass  of  black  mud ;  and  of  course  at 
such  times  this  gorgeous  embellishment  of  colour  was 
wanting,  or  rather,  it  was  hidden.  Cinderella  em- 
ployed at  menial  work  in  the  house  of  her  step- mother, 
and  Cinderella  dancing  with  the  prince  in  the  ball- 
room, were  not  more  different  than  the  Aphrodita 
when  thus  captured,  and  the  same  when  it  had  under- 
gone the  neettful  ablutions,  and  been  transferred  to  a 
phial  of  pure  sea-water. 

And  now,  reader,  we  approach  another  resting- 
place.  We  have  visited  the  four  orders  of  annelids, 
and  marked  their  modes  of  life.  We  found  that  one 
of  them  was  known  as  "suctorial,"  another  as  "  terricolous,"  a  third  as 
"  tubicolous,"  and  a  fourth  as  "wanderers  ;"  or  dropping  these  terms,  and 
taking  certain  species  as  the  representatives  of  the  rest,  the  orders  are  typified 
by  the  Leech,  the  Earth-worm,  the  Serpula,  and  the  Aphrodite.  These 
four  orders  constitute  the  class  Annellata,  the  first  group  of  the  Articulated 
division  of  the  animal  kingdom.  Yet,  though  our  theme  has  been  a  lowly 
one,  I  must,  ere  quitting  it,  observe  that  there  are  traditionary  errors  with 
regard  to  some  worms,  which,  even  in  these  days  of  boasted  enlightenment. 


Fig.  54. 
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are  still  current,  and  will  continue  to  be  so  Until  natural  history  be  made 
a  regular  part  of  elementary  instruction  in  every  school-room,  whether  for 
rich  or  poor.  As  an  example  may  be  mentioned  ike  hair-worm  {Oordias 
aquaticu9)f  a  species  abundant,  during  the  summer  months,  in  many  rivulets* 
It  is  usually  eight  or  ten  inches  long,  and  the  common  superstition  about  it 
is,  that  horse-hairs  placed  in  water  become  vivified,  and  are  changed  into 
those  worms.  This  notion — ^with  the  addition  that  the  hair-worm  was  the 
young  state  of  serpents — ^was  prevalent  in  the  days  of  good  Queen  Bess,  and 
has  thus  been  recorded  by  the  immortal  Shakespeare : — 

"  Much  is  breeding, 
Which,  like  the  courser's  hair,  hath  yet  but  life, 
And  not  a  serpent's  poison." 


CHAPTER  XVI. 

Class  Ciektpeda. 
barnacles  and  acobn-shklls, 


Caliban.  "  We  shall  loie  our  time, 

And  aU  be  turned  to  barnacles,** — Tempai,  Aet  IV*,  M.  L 

"While  we  read  the  scene  in  which  the  above  passage  occurs,  our  minds  are 
so  occupied  with  Btephano,  Trinculo,  Caliban,  and  the  "  delicate  Ariel," 
that  we  pause  not  to  ask,  **  What  are  barnacles  P  "  Or  if  some  one,  leas  en- 
chanted and  more  inquisitive  than  others,  should  wish  to  know,  and  should 
turn  to  the  foot-notes  for  information,  he  may  find,  as  I  have  done,  that 
**  the  barnacle  is  a  kind  of  shell-fish,  growing  on  the  bottoms  of  ships.''  If 
he  seek  to  know  more  than  this,  and  applv  to  the  naturalist,  he  may  be  sur- 
prised to  hear  that  barnacles  are  not  shell-hsh,  in  the  sense  in  which  the  term 
is  applied  to  limpets  or  oysters,  and  that  their  organization  is  so  different, 
that  they  even  belong  to  another  class,  being  included  in  the  Arliculatay 
or  jointed  animals,  instead  of  the  Mollusca^  or  soft-bodied,  and  are,  in  point 
of  fact,  very  closely  allied  to  the  Crustacea, 

Their  shells  resemble  so  much  those  of  molluscs,  that  at  a  time  when  the 
structure  and  habits  of  the  contained  animals  were  imperfectly  known,  it 
was  not  unnatural  that  they  should  be  regarded  as  MuUivalve  shells,  and 
classed  accordingly.  Some  are  attached  to  floating  pieces  of  timber,  or.  to 
the  bottom  of  vessels,  by  long  peduncles  or  foot- stalks,  such  as  are  shown 
in  the  figure  66,  Others  are  firmly  attached  by  their  calcareous  base 
to  rocks,  shells,  or  other  objects.  The  body  of  the  pedunculated  species 
is  soft,  and  enveloped  in  a  membrane.  **  It  is  provided  with  six  pairs 
of  rudimentary  feet,  jointed  and  terminated  each  by  a  pair  of  long,  slender, 
many-jointed  tentacles,  curled  towards  the  mouth,  ancl  thence  giving  origin 
to  the  name  of  the  class,  Cirrijpeda,  curl-footed." 

These,  by  their  movement  m  the  water,  occasion  currents,  which  bring 
food  to  the  mouth,  and  a  fresh  supply  of  aerated  water  to  the  gills.  It  is 
not  unlikely  that  their  feathery  appearance  may  have  suggested  the  idea  that 


340 


THE  -flOlTE  TUIOB. 


they  are  the  embryo  condition  of  the  Barnacle-goose  !  The  specific  name 
AnaJtifera^  or  goose-bearing,  applied  to  the  most  common  species  of  Lepas^ 
records  what  was  at  one  time  tne  general  belief. 

This  remarkable  tradition  is  still  current  among  the  nnednoated,  and 
deserves  more  than  a  passing  notice,  as  an  example  of  the  senses  being  led 
captiYe  by  the  imagination.  We  find  in  one  of  our  earliest  prose  works,  the 
vinage  and  TravaiTe  of  Sir  John  Maundeville,  written  five  hundred  years  ago, 
a  reference  to  it,  as  to  a  strange  but  imdoubted  fact,  and  one  wmoh  was  a 
sufficient  warrant  for  his  giving  credence  to  a  tale  not  less  marvellous,  of 
young  lambs  being  produced  by  a  fruit-bearing  tree !  The  passage  is  worth 
quoting,  as  an  instructive  example  of  the  strange  things  to  which  men  have 
assent^,  even  in  a  department  of  science  which  ought  to  be  based  on  correct 
observation: — 

*^In   pasynge   be  the    Lend    of 

Cathaye  toward  the  highe    Ynde, 

and  toward  Bacharye,   men  passen 

be  a   Kyngdom    that   men    depen 

Caldilhe :  that  is,  a  folle  fair  contree. 

And  there  growethe  a  manner  of 

Fruyt,  as>  thoughe  it  weren  Gowrdes ; 

and  whan  thei  ben  rype,  men  kutten 

hem  a  to,  and  men  i^naden  withinne, 

a  Ivtelle  Best,  in  llessche',  in  Bon 

and   Blode,    as   though   it  were  a 

lytylle    Lomb,  with    outen    woUe. 

And  men  eten  bothe  the  Frut,  and 

the  Best :  and  that  is  a  gret  Mar- 

veylle.     Of  that  Frut  I  have  eten ; 

alle  thoughe  it  were  wondirfulle: 

but  that  I  knowe  wel,  that  God  is 

marveyllous  in  his  werkes.      And 

natheless  I  tolde  hem,  of  als  gret  a 

marveylle  to  hem,  that  is  amonges 

us  :  and  that  was  of  the  Bemakes. 

For  I  tolde  hem,  that  in  our  contree 

weren  Trees,   that  beren  a  Fruyt, 

that  becomen  Briddes  fleeynge :  and 

•••  tho  that  fellen  in  the  water,  lyven : 

Fig.  65.  and  thei  that  fallen  on  the  Erthe, 

dyen  anon :  and  the  ben  right  gode  to  Mannes  mete.     And  here  of  had  thei 

gret  marvaylle  that  sume  of  him  trowed,  it  were  an  impossible  thing  to  be." 

From  this  it  would  appear  that  some  of  Sir  John's  auditors  were  rather 

incredulous  about  the  truth  of  his  **  marveylle."     Such  was  not  the  case 

with  Gerarde,  the  author  of  a  Herbal,  or   General  History  of  Plants ,  pub 


colour,  tending  to  russet,  wherein  are  contained  little  living  creatures,  which 
shells  in  time  of  maturity  do  open,  and  out  of  them  grow  those  little  living 
things,  which,  falling  into  the  water,  do  become  fowls,  which  we  call  Barna- 
cles ;  in  the  north  of  England  Brant-geese,  and  in  Lancashire  Tree-geese ;  and 
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the  other  that  do  fall  upon  the  land,  perish  and  come  to  nothing.  Thus 
much  by  the  writings  of  others,  and  also  from  the  mouth  of  people  of  those 
parts,  which  may  yery  well  accord  with  truth. 

"  But  what  our  eyes  have  seen  and  our  hands  haye  touched  we  shall  de- 
clare. There  is  a  small  island  in  Lancashire,  called  the  File  of  Foulders, 
wherein  are  found  the  broken  pieces  of  old  bruised  ships,  some  whereof  have 
been  cast  thither  by  shipwreck,  and  also  the  trunks  and  bodies,  with  the 
branches  of  old  and  rotten  trees  cast  up  there  likewise,  whereon  is  found  a 
certain  spume  or  froth  that,  in  time,  breedeth  unto  certain  shells,  in  shape 
like  those  of  a  mussel,  but  sharper  pointed  and  of  a  whitish  colour,  wherein 
is  contained  a  thing  in  form  like  a  lace  of  silk,  iinely  woven,  as  it  were,  to- 
gether, of  a  whitish  colour,  one  end  whereof  is  fastened  unto  the  inside  of 
the  shell,  even  as  the  fish  of  oysters  and  mussels  are ;  the  other  end  is  made 
fast  unto  the  belly,  of  a  rude  mass  or  lump,  which  in  time  cometh  to  the 
shape  and  form  of  a  bird ;  when  it  is  perfectly  formed,  the  shell  gapeth  open, 
and  the  first  thing  that  appeareth  is  the  foresaid  lace  or  sting  ;  next  come 
the  legs  of  the  bira  hanffing  out,  and,  as  it  groweth  greater,  it  openeth  the 
shell  by  degrees,  till  at  length  it  is  all  come  forth,  and  hanging  only  by  the 
bill.  In  short  space  it  cometh  to  full  maturity  and  falleth  into  the  sea, 
where  it  gatheretn  feathers,'  and  groweth  to  a  fowl  bigger  than  a  mallard, 
and  lessor  than  a  goose,  having  black  legs  and  a  bill  or  beak,  and  feathers 
black  and  white,  spotted  in  such  manner  as  our  magpie,  called  in  some 
places  a  pie  annet,  which  the  people  of  Lancashire  caU  by  no  other  name 
than  a  tree  goose ;  which  place  aforesaid,  and  aU  those  parts  adjacent,  do  so 
much  abound  therewith,  that  one  of  the  best  may  be  bought  for  threepence. 
For  the  truth  hereof,  if  any  doubt,  may  it  please  them  to  repair  unto  me, 
and  I  shall  satisfy  them  by  the  testimony  of  credible  witnesses." 

Of  the  real  changes  which  these  animals  undergo  nothing  was  known 
until,  in  1826,  Mr.  J.  V.  Thompson  captured  in  a  small  towing-net  a  number 

of  minute  translucent  creatures, 
about  the  tenth  of  an  inch  in  length, 
and  of  a  somewhat  brownish  tint. 
The  annexed  figure  (Fig.  56)  gives 
an  enlarged  representation  of  their 
appearance.  After  a  few  days  they 
p.     -^  threw  off  their  outer  skin,  attached 

^^tS'O^'  themselves  firmly  to  the  bottom  of 

the  vessel,  and  soon  assumed  the  appearance  of  the  sessile  barnacles  or  acorn- 
shells  {Balanus  pmillus). 

The  pedunculated  barnacles  present  in  their  young  state  an  appearance 
very  uiUike  the  others  (Fig  67) ;  but  the  changes  they  undergo  in  passing 
from  their  free  to  their  adhesive  state  are,  in  all  essential  points,  precisely 
similar.  , 

In  a  number  of  the  Annals  and  Magazine  of  Natural  History  (Oct., 
1851),  there  is  a  very  able  paper,  by  Mr.  C.  Spence  Bate,  on  the  develop- 
ment of  these  animals,  illustrated  by  numerous  figures,  from  which  it  would 
appear  that  the  larva  undergoes  a  series  of  metamorphoses  in  passing  from  the 
young  to  the  adult  state ;  and  that  the  eyes,  which  are  absent  m  the  very 
young  Balanus,  become  fully  developed  m  a  further  state  of  advancement. 

Perhaps  there  is  nothing  in  the  whole  series  of  changes  which  strikes  the 
contemplative  mind  more  strongly  than  the  beneficent,  yet  economical,  pro- 
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Fig.  57. 


vision  regarding  the  organs  of  sight.  They  are  given  when  the  animal  is 
free  and  locomotive,  and  when  we  may  suppose  the  sense  of  sight  to  be  essen- 
tial t6  its  welfare.  But  so  soon  as  it  has  chosen 
its  "  place  of  rest,"  and  becomes  fixed  for  the 
remainder  of  its  existence,  a  calcareous  deposit 
takes  place,  and  the  eye,  no  longer  wanted,  is 
obliterated  for  ever. 

The  fact  of  the  Cirripeda  being  met  with  in 
all  seas,  and  some  species  found  uniformly 
attached  to  certain  bodies  and  to  them  only, 
might  naturally  have  suggested  the  idea  that 
they  must  in  their  voung  state  have  had  the 
power  of  moving  freely  about,  and  also  of 
selecting  the  site  of  their  future  dwelling.  But 
notiiing  positive  was  known  until  1826,  as 
already  mentioned. 

The  bodies  to  which  they  are  attached  are  not 
always  inanimate,  like  snells,  stones,  vessels, 
and  noating  timber.  Some  are  affixed  to  or 
buried  in  corals ;  one  performs  its  voyages  on 
the  backs  of  turtles,  and  another  {Coronula 
balanaris)  selects  a  still  stranger  abode,  being 
imbedded  in  the  skin  and  hi  of  whales. 
Some  of  the  larger  kinds  are  used  as  food.  The  Chinese  eat  the  soft  parts 
of  one  species  {BalantM  tintinnahulumY  which  has  the  reputation  of  being 
like  the  Hesh  of  a  lobster  when  boilea.  Captain  King  tells  us  of  a  South 
American  species  (Balanus  pstttacus)^  found  at  Conception,  which  is  fre- 
quently five  and  a  half  inches  long,  and  three  and  a  half  inches  broad,  and 
occurs  in  large  bunches,  which  are  chopped  off  with  hatchets.  They  are 
exported  in  quantities  to  Valparaiso  and  Santiago,  where  they  are  much 
prized,  for  the  fiesh  equals  in  richness  and  delicacy  that  of  the  crab,  which, 
when  boiled  and  eaten  cold,  it  very  much  resembles. 

But  we  must  leave  Cliina  and  South  America, 
and  return  to  our  own  shores ;  and  as  I  wish  all 
my  young  readers  to  observe  and  to  experiment  for 
themselves,  I  do  not  know  that  I  can  conclude  the 
present  chapter  better  than  by  the  following  para- 
graph from  Patterson's  Zoology  for  Schools  :• — 

**The  cheapness  of  the  pleasures  which  natural 
history  affords  should  of  itself  form  a  reason  for 
their  general  cultivation  ;  for  they  are  within  the 
reach  of  all.  By  means  so  simple  as  a  glass  of 
sea-water  we  have  caused  the  jBalani,  or  Acorn- 
shells,  to  exhibit  a  series  of  movements,  which  we 
have  never  shown  to  the  youth  of  either  sex  with- 
out hearing  from  them  expressions  of  the  most  ^^S-  ^* 
imfeigned  delight.  Let  the  reader  try  the  experiment.  Go  at  low  water  to 
a  rocky  part  of  the  beach ;  choose  a  few  of  the  oldest  and  largest  limpets 
le^  uncovered  by  the  receding  tide,  and  incrusted  with  the  acorn-shells. 
As  the  inclosed  animals  then  have  been  without  nourishment  for  two  or  three 
hours,  they  will  be  quite  ready  for  anothw  Bieal.    Throw  the  limpet-shells 
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infx)  the  glass  of  sea-water,  and  in  a  minute  or  two  the  aoom-shells  npon 
them  begin  to  open.  Presently  a  beautiful  feathered  apparatus  will  be  ex- 
tended, then  withdrawn  (Fig.  68).  It  will  again  be  put  forth,  and  again 
retracted ;  but  with  such  ffrace,  regularity,  and  precision,  that  the  eye  re- 
gards it  with  ever  new  delight.  And  when  the  same  exquisite  mechanism 
is  exhibited  by  every  one  of  them,  either  in  succession  or  simultaneously, 
and  when  we  consider  that  it  thus  ministers  at  the  same  moment  both  to 
respiration  and  nutrition,  a  train  of  ideas  is  excited,  which  rises  from  the 
humble  shell  to  Him  by  whom  it  has  thus  wondrously  been  fashioned." 


CHAPTER  XVII. 

Class  Crustacea, 
cjlabs,  lobstejis,  etc. 


"  By  paved  fountain,  or  by  rushy  brook. 
Or  on  the  beached  margin  of  the  sea." — Shakespeabe. 

The  essential  characteristics  of  the  Crustacea  are  the  combination  of  gills 
or  branchiae  for  respiration,  with  jointed  limbs  and  distinct  sexes.  The 
name  is  derived  from  the  external  covering,  which  is  less  solid  than  that  of 
testaceous  molluscs  generally,  but  harder  and  firmer  than  the  skin  of  naked 
molluscs.  It  is,  in  fact,  perfectly  capable  of  rendering  to  the  animal  all 
that  it  requires,  namely,  protection  from  the  violent  concussions  to  which  it 
is  subject  among  the  rocks  which  are  its  dwelling-place,  and  from  the 
attacks  of  enemies — and  a  point  of  support  for  the  mnbs  in  their  efforts  at 
locomotion.  In  the  crab  and  lobster  the  integument  is  harder  than  in  many 
of  the  smaller  species,  through  the  addition  of  earthy  particles  of  carbonate 
and  phosphate  of  lime.  The  colours  of  the  shell  are  owing  to  a  pigmentary 
matter  of  a  peculiar  nature.  This  changes  to  red  in  a  great  number  of 
species  when  subjected  to  alcohol,  ether,  acids,  or  to  boiling  water ;  the  latst 
being  the  j^ocess  to  which  the  eatable  Crustacea  are,  as  is  well  known, 
exposed.  The  skeleton,  or  framework  of  ^  the  integument,  is  composed  of  a 
series  of  rings,  the  original  number  of  which  appears,,  from  the  segments  of 
the  animal's  body,  to  be  twenty-one.  The  head,  the  thorax,  -  and- the 
abdomen  generally,  comprise  each  seven  of  these  rings.  The  skeleton  as  a 
whole  is  broadly  divided  into  two  parts— the  anterior  or  carapace,  a  sort  of 
buckler,  covering  the  head  and  thorax  j  and  the  posterior,  including  the 
abdomen. 

One  of  the  first  things  that  strikes  us  in  looking  at  a  fully-formed,  hard 
integument  of  this  kind  is  the  impossibility  of  the  animal's  growing  in  such 
a  case  of  mail.  How  does  Nature  meet  this  difficulty  ?  Why,  by  moulting. 
The  canary  does  not  more  regularlv  cast  its  feathers  than  the  Crustacea  rid 
themselves  of  their  house  or  stronghold.  The  frequency  with  which  this  is 
done  is  trul^  surprising.  A  young  daphnia  has  been  observed  to  cast  its 
shell  eight  times  in  the  sgwae  of  seventeen  days.    We  may  take  the  craw- 
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fish  as  an  example  of  the  mode.  This  animal  abont  the  end  of  the  snmmer 
ceases  to  eat,  shows  signs  of  sickness,  and  presently  the  carapace  becomes 
loosened  from  the  corium,  or  part  to  which  it  was  attached.  At  the  same 
time  a  secretion  is  poured  forth,  which  is  at  first  soft,  like  a  membrane,  but 
gradually  hardens  mto  a  shell.  When  the  new  house  is  complete,  the  old 
one,  of  course,  becomes  little  better  than  a  nuisance,  and  must  be  got  rid  of. 
So  the  uneasy  animal  begins  to  rub  its  legs  against  one  another,  then  to  turn 
on  its  back  and  shake  itself,  then  swell  until  it  rends  the  membrane  which 
still  connects  the  old  carapace  with  the  abdomen.  But  this  is  hard  work, 
and  somewhat  painful  also,  no  doubt.  So  the  craw-fish  rests  awhile.  But 
again  its  labours  must  recommence ;  the  carapace  must  be  thrown  off"— head, 
eyes,  and  antennaa  must  all  be  freed ;  and  when  these  things  are  accom- 
plished, there  remains  the  most  difficult  part  of  the  task — ^the  extraction  of 
the  extremities.  This  is  aided  by  the  splitting  of  the  integument  the  whole 
way  along,  from  end  to  end ;  but,  after  all,  the  poor  animal  is  obliged  not 
unfrequently  to  leave  a  limb  or  two  behind.  Sometimes,  indeed,  it  cannot 
extricate  itself,  and  perishes.  The  abdomen  is  the  last  portion  freed.  And 
so^  generaUv,  in  about  half  an  hour  is  the  moulting  accomplished.  Very 
tender  is  the  new  integument  at  first,  and  very  timid,  consequently,  its 
owner. 

It  may  seem  a  somewhat  alarming  feature  of  the  moulting,  this  liability 
to  lose  a  limb  or  two  in  the  doing  it.  But  the  animal  evidently  has  no  very 
high  notions  of  the  value  of  any  particular  one  or  two  of  these  appendages, 
for  it  will  throw  them  off,  when  sudden  injury  or  offence  happens  to  them, 
almost  as  heedlessly  as  we  should  throw  off  a  glove  that  had.  been  accident- 
ally contaminated.  The  land-crabs  that  used  to  be  found  in  the  garden  of 
the  Zoological  Society  presented  a  laughable  example  of  this  levity  in  the 
treatment  of  one's  limbs.  If  any  of  these  were  taken  up  by  the  smcdler  legs 
in  a  manner  which  incommoded  them,  they  cut  the  connection  at  once,  and 
ran  off  upon  the  remaining  members,  apparently  as  contented  as  before. 
The  meaning  of  all  this  is,  that  the  cunning  animal  knows  it  can  reproduce  any 
reasonable  number  of  legs  at  will.  All  it  has  to  mind  is,  that  the  division 
takes  place  at  a  proper  point,  near  the  basis  of  the  limb,  which  then  speedily 
heals  over,  and  presently  puts  forth  a  new  claw,  at  fij?st  small,  but  whicn 
grows  gradually  to  the  proper  size.  If  the  division  does  not  take  place  at  a 
right  point,  bleeding  goes  on,  and  would  prove  fatal,  but  the  animal  then, 
by  a  great  effort  (apparently  a  violent  muscular  contiraction),  shakes  off  the 
part  that  remains  beyond  the  spot  where  the  division  should  have  taken 
place. 

The  forms  of  the  Crustacea  are  strange  and  fantastic,  and  the  uses  to 
which  portions  of  the  frame  are  put  still  more  extraordinary.  We  find 
leffs  officiating  not  only  in  the  capacity  of  locomotive  support,  but  as  jaws 
wherewith  to  masticate  food,  or  as  gills  to  promote  the  busmess  of  breathing. 
Some  have  the  carapace  greatly  developed,  as  in  the  walking  Crustacea ; 
while  others,  of  whidi  the  swimming  Crustacea  may  be  taken  as  examples, 
have  the  abdomen  of  large  (relative)  dimensions.  In  fact,  this  part  is  the 
principal  agent  of  locomotion  in  the  water.  When  the  animal  wishes  to 
progress,  it  is  by  bending  the  abdomen  suddenly  downwards  under  the 
sternum  that  it  strikes  the  water,  and  consequently,  by  darting  backward, 
that  the  animal  makes  its  way  through  the  liquid. 

It  is  necessary  here  that  we  should  briefly  classify  the  numerous  species 
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comprised  within  the  great  Crustacean  family.  The  chief  division  is  sug- 
gested by  the  fact  that  some  have  jaws  for  masticating  food,  while  others 
have  merely  a  kind  of  beak,  or  tubular  apparatus,  through  which  they  draw 
their  food  by  suction ;  and  there  is  yet  a  third  class,  whose  mouth  is  sur- 
rounded by  legs,  the  bases  of  which  ai*e  used  as  jaws.  All  Crustacea  are 
therefore  divided  into  the  Maxillosa,  or  masticating;  the  Edentata,  or 
Hausstellata,  the  suctorial ;  and  the  Xiphosura,  or  the  sword-tailed.  The 
masticating  and  the  suctorial,  again,  are  each  divided  into  various  great 
sections,  with  further  subdivisions  into  orders  and  species. 

The  most  interesting  feature  of  the  masticating  Crustacea  is  the  jaw-foot, 
represented  in  the  following  cut.     In  the  sucking  Crustacea,  which  are 

parasites,  apd  feed  on  other  animals,  we 
have,  instead  of  the  jaw-feet,  a  tube,  or 
proboscis,  containing  within  a  pair  of 
animal-lancets.  These  make  the  wound 
through  which  the  juices  are  afterwards 
drawn.  The  food,  thus  prepared,  passes 
^  Jfi^  t  through  a  short  tong^eless  mouth  into  the 
oesophagus,  thence  into  the  stomach,  where? 
we  find  an  extraordinary  apparatus  for 
tearing  and  grinding  the  food,  consisting 
of  tubercles,  or  teeth.  The  liver  is  largely 
developed  in  many  Crustacea,  especially 
in  the  decapods,  or  ten-footed,  as  everj' 
epicure  in  shell-fish  well  knows,  for  in 
this  order  are  included  lobsters,  crabs,  and 
shrimps.  The  blood  is  either  colourless, 
or  of  a  slightly  bluish  tinge,  and  is  circu- 
lated, it  is  beueved,  in  a^  similar  manner 
to  that  of  the  molluscs.  The  heart  is 
^single,  and  of  various  forms — square, 
cyhndrical,  &c.  The  appearances  pre- 
sented by  the  heart  in  some  Crustacea 
Fig.  59.-— JAW-FEET  OF  THELPiTcsA  t^vc  bccn  Hkcned  to  the  effect  produced 
FLuviATiLTs.*  by  tho  superposition  of  a  number  of  stars, 

tie  rays  of  which  do  not  correspond. 
The  respiratory  process  in  the  Crustacea  is  a  very  interesting  and  very 
complex  subject.  Generally,  breathing  takes  place  through  the  branchiae, 
or  gills--an  organ  familiar  to  all  eaters  of  the  cra,b,  in  the  form  of  a  number 
of  leaf-like  processes,  arranged  in  two  groups,  the  points  coming  nearly 
together.  In  some  Crustacea  no  special  respiratory  apparatus  can  be  dis- 
covered, and  oxygen  is  then  supposed  to  be  drawn  directly  through  the 
external  integument.  In  others,  the  gills  float  in  the  water,  like  so  many 
feathery  tufts.  The  Phyllopoda,  or  gill-footed^  are  distinguished  by  an  ex- 
tension of  their  legs,  in  order  to  make  the  latter  subservient  to  respiration 
— a  fact  which  explains  the  movement  sometimes  seen  in  the  feet  of  such 
animals,  when  all  the  rest  of  the  body  is  quiescent.     The  land-crabs  possess 


*  1.  Bight  external  jaw-foot ;  A,  its  internal  blade ;  «,  b,  <?,  rf,  e^f,  its  various  articu- 
lations ;  B,  its  external  blade,  or  palp.  2.  Jaw  of  the  third  pair,  with  its  palp.  3. 
Mandible,  with  its  palp.    4.  Upper  hp.    5,  Lower  lip,  sometimes  called  the  tongue. 
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special  oontrivanoes  for  the  moisture  requisite  to  enable  the  gills  to  perform 
their  functions.  For  the  same  rea- 
son these  animals  never  go  far  away 
from  damp  situations.  With  them 
the  activity  of  the  breathing  organs 
is  so  great  that  they  cannot  Sx&w 
the  requisite  supply  of  oxygen  from 
water,  and  consequently  they  die, 
if  long  immersed.     We  may  fitly  ^^^'  ^* 

illustrate  the  foregoing  remarks  by  the  annexed  engraving,  showing  the 
circulatory  and  respiratory  system  of  the  lobster. 

There  is  no  brain,  strictly  speaking,  in  Crustacea,  but  there  is  a  tendency 
towards  its  formation  visible  in  the  centralization  of  the  nervous  functions 
in  the  anterior  part  of  the  ganglionic  chain.  The  place  of  the  brain  in  the 
higher  animals  is  occupied,  in  Crustacea,  by  the  ganglions,  which  possess 
inoividually  the  faculty  of  receiving  sensations  and  determining  motion,  and 
which  act  tibroi^h  the  nervous  cor&. 

The  eyes  of  Crustacea  exhibit  a  great  variety  of  structure.  In  certain 
classes  we  find  smooth,  or  simple  eyes,  two  or  three  in  number,  formed  by  a 
mere  modification  of  the  tegumentary  membrane,  with  a  mass  of  gelatine 
behind  it,  acting  as  the  vitreous  humour,  and  which  is  in  connection  with 
the  optic  nerve.  The  king-crab  is  an  example.  These  simple  eyes,  or 
stemmata,  are  always  immovable,  and  sessile,  or  sitting.  Other  classes 
have  what  are  called  intermediate  eyes,  in  which  the  cornea  is  still  undivided 
externally,  but  has  behind  a  number  of  simple  eyes,  or  lenses,  each  with  its 
own  vitreous  humour,  and  its  own  connection  with  the  optic  nerve.  Lastly, 
(and  this  refers  to  the"  great  majority  of  Crustacea,)  we  have  compound  eyes, 
presenting  a  number  of  facets,  each  with  its  own  ocular  compartment  behind. 
These  facets  are  square  in  the  common  craw-fish,  hexagonal  in  the  crab,  and 
so  on.  There  is  a  remarkable  fossil  species,  in  which  there  are  four  hundred 
of  these  facets,  the  whole  so  exquisitely  arranged  for  mutual  aid,  that  where 
the  range  of  one  ceases,  that  of  the  next  begins.  There  are  generally  two  of 
these  compound  eyes,  although  sometimes  they  are  so  closely  xmited  as  to 
appear  but  as  one.  Sometimes  the  compound  eyes  are  movable,  and  some- 
.  times  they  are  supported  on  a  pedicle,  or  stalk,  moved  by  special  muscles.    ; 

*  hy  Heart;  *,  sinus,  or  dilated  veir,  receiving  the  blood  which  comes  from  different 
parts  of  the  body,  and  is  thence  sent  to  the  branchiae,  b,  from  whence  it  returns  to  the 
heart  by  the  branchial  veins,  v, 

[end  of  zoology,] 
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CHAPTER  I. 

INTRODTJCTOBY. — ON    THE    OBJECTS   AND    INTEREST    OF  THE  STTJDY   OF  HAN. 

As  a  motto  to  this  division  of  our  "  Home  Tutor  "  we  might  most  appro- 
priately adopt  the  line  of  the  poet — 

**  The  proper  study  of  mankind  is  man." 

We  do  not,  however,  wish  it  to  he  inferred  that  our  own  subject  is  above  all 
others  that  which  ought  peculiarljr  to  interest  mankind.  In  fact,  the  expres- 
sion of  the  poet  is  rather  an  assertion  of  what  is,  than  what  ought  to  be. 
There  are  many  reasons  why  man  should  be,  to  himself,  the  most  interesting 
and  absorbing  of  all  studies.  Surrounded  by  an  external  creation  constantly 
suggestive  of  thoughts  of  the  beautiful,  the  grand,  and  the  sublime,  man 
yet  turns  his  mind  upon  himself,  and  finds  that  it  is  in  his  own  wonderful 
nature  that  he  must  look  for  the  true  source  of  the  beautv  and  tii'e  wonder  of 
the  external  world.  The  heavens  and  the  earth  are  alike  imfolded  to  the 
eye  of  lower  beings ;  but  they  kindle  no  emotions  in  their  consciousness,  and 
add  no  happiness  through  thought  to  their  being. 

The  thought  and  consciousness  of  man,  his  soul  and  understanding,  have 
ever  been  to  him  a  theme  of  intensest  interest,  and  must,  whilst  the  human 
race  continues  on  the  earth,  occupy  a  first  place  in  his  regards.  Setting 
aside  the  thought  by  which  man  is  enabled  to  reason  and  study  as  a  part  of 
his  nature,  his  relation  to  the  rest  of  creation  must  give  him  a  deep  interest 
in  his  race.  When  we  regard  the  external  world  with  attention,  we  see 
clearly  that  the  distinction  between  the  material  world  and  that  of  organic 
existences  is  very  great.  However  wonderful  may  be  the  movements  of  the 
heavenly  bodies,  and  the  grand  features  which  mark  the  physical  geography 
of  the  surface  of  the  earth,  we  instinctively  feel  that  there  are  ni^er 
agencies  and  a  more  mysterious  power  at  work  in  the  growth  and  functions 
of  the  simplest  plant  of  the  field.  We  speak  of  rivers,  seas,  rocks,  and 
mountains  as  existing,  but  of  plants  as  livmg.  We  feel  that  liere  is  more 
proof  of  Wisdom  and  Goodness  in  the  creation  of  a  plant  than  of  a  stone. 
We  then  pass  on  from  plants  to  animals,  and  we  observe  in  passing  up  from 
class  to  class,  till  we  arrive  at  the  highest,  the  gradual  compucation  of  their 
structure,  the  increase  of  their  functions,  the  numerous  new  relations  they 
sustain  to  the  mineral  and  vegetable  world,  and  we  feel  that  fl.Tn'Tnfl.1a  are 
more  wonderful  structures  than  plants,  and  they  accordingly  take  a  stronger 
hold  of  our  sympathies,  and  demand  a  larger  part  in  our  affections.  If  then 
we  carry  on  our  view  to  man,  and  find  him  embracing  all  tliat  is  wonderful 
in  the  creations  below  him,  and  exhibiting  new  and  unlooked-for  adaptations 
to  his  position  in  the  world,  we  shall  see  how  it  is  that  man,  as  an  object 
external  to  himself,  becomes  one  of  the  most  interesting  and  absorbing  sub- 
jects of  his  own  study. 


350  THE  HOME  XUTOA. 

Our  object,  however,  in  these  papers,  is  not  to  speak  of  man  generally,  but 
in  a  particular  point  of  view.  The  study  of  the  frame  of  man  constitutes 
the  science  of  human  anatomy ;  the  functions  it  performs,  that  of  physiology. 
The  laws  which  regulate  the  exercise  of  his  mind  and  feelings  constitute  the 
field  of  inquiry  for  the  metaphysician ;  and  the  actions  of  man,  as  they 
originate  in  moral  causes  in  nations  and  communities,  constitute  the  science 
of  history.  But,  independent  of  all  these,  we  find  that  the  relation  of  man 
to  the  rest  of  creation — the  efiects  of  physical  eauses  upon  his  habits  and 
manners— the  varieties  of  structure  and  appearance  which  he  presents  on 
the  surface  of  the  earth— and,  in  fact,  all  that  relates  to  his  external  physical 
character,  constitute  a  subject  of  deep  interest,  and  one  that  is  at  the  pre- 
sent moment  engrossiug  a  greater  amount  of  attention  than  it  has  ever  before 
done  in  the  history  of  the  world.  The  causes  of  this  attention  are  numerous 
and  interesting,  as  showing  what  are  the  questions  involved  in  tjiis  subject. 
To  a  few  of  these  we  shall  allude. 

In  the  first  place,  we  may  make  the  assertion  that  there  is  more  than  one 
speci0s  of  man  inhabiting  the  earth.  We  shall  have  presently  to  examine 
this  question,  and  we  refer  to  it  here  as  showing  the  ground  which  our 
subject  will  take  us  over.  The  unitjr  or  multipHcitv  of  the  human  species 
is  one  of  great  interest,  and  also  of  importance.  The  supposed  multi^city 
has  been  adopted  as  an  argument  against  the  truth  of  the  doctrines  of 
Christianity;  and  the  alleged  specific  distinctions  between  the  Negro  and 
the  Anglo-Saxon  have  been  employed  to  justify  the  condition  of  slavery 
which  the  latter  race,  in  America,  has  succeeded  in  forcing  on  the  former. 

The  ^eat  increase  in  our  knowledge  of  the  races  of  men,  through  travellers 
and  missionaries,  has  very  much  contributed  to  increase  the  interest  in  this 
subject.  Travellers  have  also  gone  out  prepared  to  make  the  necessary 
inquiries,  and  have  had  their  attention  directed  to  those  points  which  could 
throw  light  on  some  of  the  interesting  problems  to  be  solved  in  the  physical 
history  of  man.  The  spread  of  the  missionary  spirit  in  Great  JBritain, 
during  the  last  fifty  years,  has  contributed  a  vast  mass  of  useful  materials 
from  all  the  countries  which  have  been  visited  by  the  preachers  of  the 
Gospel.  The  materials  thus  collected  have  been  colkted,  and  an  increased 
interest  given  to  the  history  of  tribes  and  races  in  various  parts  of  tiie  world. 

Nor  should  we  omit  to  mention  the  increase  of  our  colonial  empire.  Every 
day  is  bringing  our  soldiers  and  sailors  into  more  close  contact  with  people 
whose  names,  only  a  few  years  ago,  were  unknown  among  us.  in  the 
narratives  of  voyages,  settlements,  expeditions,  and  governorships,  we  have 
had  lately  constantly  introduced  to  us  new  races,  with  new  habits  and 
languages ;  and  thus  has  increased  the  stock  of  information,  as  .well  as  oiu: 
interest  about  the  physical  history  of  man. 

The  question  of  race,  however,  is  not  confined  to  distant  parts  of  the 
world.  In  various  parts  of  America  we  see  the  red,  the  black,  and  the  white 
man  living  in  the  same  communities.  Although  in  Europe  we  have  no  large 
part  of  the  population  either  red  or  black,  yet  we  have  distinctive  races. 
The  Celtic  Irish,  the  Saxon  English,  and  the  Hebrew  are  familiar  enough 
to  ourselves ;  and  the  distinction  of  Saxon,  Celt,  and  Jew  is  seen  as  promi- 
nently on  the  continent  of  Europe.  Further  distinctions  exist  there,  as  we 
shall  sec,  and  the  study  of  these  distinctions  has  gained  a  deep  interest  in 
these  days,  as  it  is  the  opinion  of  many,  who  have  studied  these  subjects 
gravely,  that  the  late  revolutions  on  the  continent  haye  been  more  the  result 
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of  difference  of  race  than  any  other  cause.  On  this  ground,  at  least,  W9 
may  explain  some  of  the  more  striking  events  of  the  last  few  years,  and  the 
increased  interest  which  has  heen  taken  in  our  suhject. 

Again,  the  application  of  the  study  of  languages,  as  a  means  of  ascertain- 
ing the  relation  of  races,  and  the  success  which  has  attended  these  re- 
searches, have  contributed  much  to  increase  the  interest  taken  in  the  physical 
history  of  man,  as  well  as  to  direct  towards  this  subject  the  minds  of  a 
number  of  intelligent  men,  between  whose  pursuits  and  those  of  the 
naturalist  and  the  natural  philosopher  it  acts  as  a  bond  of  union,  and  a 
mutual  groimd  of  research. 

Lastly,  we  may  mention  emigration.  Large  numbers  of  our  countrymen 
are  every  year  seeking  homes  in  untried  lands,  and  amongst  different  races 
of  people,  and  the  desire  of  knowing  something  more  of  the  latter  has 
prompted  the  perusal  of  works  on  the  Natural  History  of  Man,  Besides 
this,  another  q^uestion  of  interest  arises  to  the  European  emigrant,  and  that 
is — In  what  chmates,  and  under  what  circumstances,  can  his  race  expect  to 
succeed,  and  carry  on  the  great  objects  of  existence  ? 

These  are  some  of  the  circumstances  which  have  lately  tended  to  give  on 
impulse  to  the  study  of  the  physical  history  of  mankind,  and  it  will  be  seen, 
from  these  introductory  remarks,  that,  independent  of  its  special  interest  sls 
a  study,  important  practical  consequences  result  from  a  knowledge  of  the 
physical  conditions  which  influence  the  races  of  men. 


CHAPTER  II. 


THE  PHYSICAL  PROPERTIES  OF  MAK'S  BODY;    STRUCTURE  OF  HUMAN 
SKELETON,   AS  COMPARED  WITH  LOWER  ANIMALS. 

In  order  to  understand  the  nature  of  the  influence  which  climate, 
soil,  locality,  and  other  circumstances  exercise  upon  the  external  appearance 
and  structure  of  man,  we  shall  make  a  few  general  observations  upon  his 
relation  to  the  external  world.  When,  with  the  assistance  of  the  cnemist, 
we  examine  tJhe  matter  of  which  the  human  bod^  is  composed,  we  find  it  to 
consist  of  the  same  kind  of  elements  as  those  which  are  found  in  the  lower 
animals,  in  plants,  and  in  minerals.  The  human  body  obtains  these  par- 
ticles of  matter  through  its  food.  This  food  is  mainly  derived  from  vege- 
table substances.  On  examining  plants,  to  ascertain  how  they  obtain  the 
elements  of  which  their  structure  consists,  we  find  they  derive  them  directly 
from  the  mineral .  kingdom.  If  we  analyze  a  portion  of  human  flesh,  we 
tshall  discover  it  to  consist  principally  of  four  elements — carbon,  hydrogen, 
nitrogen,  and  oxygen.  These  also  form  the  chief  part  of  plants.  Hence 
they  have  been  called  organic  elements.  In  addition  to  these,  man  contains 
in  ^is  body  several  other  substances.  His  bones  contain  earthy  as  well  as 
animal  matter.  The  mineral  which  forms  part  of  the  bones  is  called  phos- 
phate of  lime.  It  is  found  in  the  waters  of  the  ocean,  and  also  occasionally 
m  a  crystalline  foim  on  the  surface  of  the  earth.  In  analyzing  the  blood 
and  the  soft  fleshy  parts  of  the  human  body,  tiie  chemist  finds  many  other 
mineral  constituents,  and  these  not  accidental,  but  constant.    Amongst 
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these  we  may  mentioii  lime,  magnesia,  po^sh,  soda,  and  snlphTiric,  phos- 
phoric, nitric,  and  acetic  acids. 

From  these  facts,  then,  we  may  arrive  at  two  very  important  conclusions 
withregard  to  the  physical  structure  of  man.  First,  that  the  materials  of  which 
the  fabric  of  his  body  is  composed  obey  the  same  laws  as  those  obeyed  by 
the  inorganic  matter  by  which  he  is  surrounded ;  and  secondly,  that  the  ele- 
ments of  which  his  body  is  ultimately  formed  are  identical  with  those 
which  are  found  in  the  mineral  world. 

Li  accordance  with  the  first  of  these  facts,  we  find  that  the  body  of  man 
obeys  the  law  of  gravitation,  and  that  he  maintains  his  position  on  the 
surface  of  the  earth  in  virtue  of  this  law.  To  this  law  we  fiiid  much  of  his 
physical  structure  obedient.  He  is  intended  to  maintain  the  erect  position, 
and  the  muscles  of  the  back,  head,  and  le^s,  by  which  this  is  effected,  are 
nicely  adapted,  in  their  strength  and  the  direction  of  their  power,  to  resist 
the  action  of  this  law  in  drawing  the  whole  body  to  the  ground.  The  same 
adaptation  of  muscular  power  to  the  resistance  of  the  law  of  ^vitation  is 
observed  in  the  lower  animals.  The  sustained  flight  of  the  bird,  by  which 
its  body  is  kept  frequently  for  so  long  a  time  passmg  through  the  air  above 
the  surface  of  the  earth,  is  effected  by  means  of  muscles  endowed  with  the 
necessary  amount  of  power  to  secure  this  object.  In  the  insect  world  we 
see  marvellous  instances  of  strength  given  to  special  muscles,  in  order  to 
resist  the  attraction  of  the  matter  of  Qie  insect's  body  to  the  earth  on  which 
it  dwells.  The  wings  of  the  common  fly,  and  the  legs  of  the  flea,  may  be 
given  as  examples  of  this  power. 

It  is  not  merely  the  law  of  gravitation  that  the  body  of  man  obeys,  but 
whatever  may  be  the  laws  which  govern  matter  in  a  state  of  rest  or  motion, 
whether  solia,  liquid,  or  aeriform,  the  body  of  man,  as  a  mass  of  matter  in 
a  solid,  liquid,  and  gaseous  form,  is  found  to  be  subservient  to  them.  Many 
are  the  laws  of  statics,  mechanics,  hydrostatics,  hydraulics,  and  pneumatics 
which  find  illustration  in  the  structure  of  the  human  body.  We  must, 
therefore,  be  prepared,  in  our  studies  of  the  physical  history  of  man,  to 
discover  that  the  laws  which  govern  matter,  independent  of  all  chemical  or 
vital  change,  have  great  influence  on  his  condition  and  habits. 

The  elements  of  man's  body  being  identical  with  elements  found  in  the 
material  world,  we  must  also  be  prepared  to  find  that  man's  dependence  on 
the  external  world  for  the  supply  of  certain  elements  which  are  necessary  to 
the  composition  of  his  mere  animal  fabric,  has  had  an  important  influence 
on  his  physical  condition.  Human  chemistry  has  not  advanced  so  far  as  to 
point  out  what  are  the  chemical  constituents  which  characterize  particular 
races  of  men ;  but  we  know  enough  of  human  physiology  to  be  able  to 
perceive  that  many  of  the  functions  of  life  are  carried  on  bv  means  of 
chemical  changes,  which  are  produced  amongst  the  elements  oi  which  the 
body  is  composed. 

To  give  a  few  illustrations  of  this  position,  we  may  refer  to  some  well- 
known  facts.  Thus  common  salt — ^which  is  a  compound  of  chlorine  and 
sodium — is  essential  to  the  health  of  the  human  body.  In  all  civilized 
.  countries  it  is  extracted  from  the  earth  or  the  ocean,  and  added  artificially 
to  the  food  of  man.  An  increased  or  diminished  supply  of  such  an  element 
could  not  fail  to  produce  important  modifications  in  the  system,  when  acting 
through  a  long  period  of  time.  The  absence  of  iron  in  tiie  blood,  it  is  well 
known,  produces  certain  changes  in  the  system,  which  are  most  obviously 
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impressed  on  the  physical  appearance  of  the  white  races  of  men.  This  sub- 
stance, in  certain  quantities,  is  needed  in  the  food  of  man  all  over  the  world 
to  produce  a  healthy  life ;  and  it  is  only  reasonable  to  conclude  that  its 
constant  deficiency  or  redundance  would  produce  permanent  physical  effects. 
"We  need  not  here  refer,  at  any  greater  length,  to  the  chemical  composition 
of  the  frame  of  man ;  but  we  would  observe  that  it  confirms,  in  the  ihost 
accurate  manner,  the  account  of  the  creation  of  man  which  is  given  to  us  in 
the  Bible.  It  is  there  stated  that  God  formed  man  from  the  "dust  of  the 
ground,"  and  we  find  in  the  material  constituents  of  his  frame  the  same 
elementary  bodies  that  are  found  on  the  earth's  surface.  It  is  true  that  a 
large  proportion  of  man's  body  is  composed  of  water,  and  the  gases  oxygen, 
hydrogen,  and  nitrogen;  but  taking  "the  dust  of  the  ground"  as  an  ex- 
pression intended  to  indicate  the  mineral  and  inorganic  nature  of  the 
materials  of  which  man's  body  is  formed,  we  cannot  but  regard  the  dis- 
coveries of  modem  science  as  in  accordance  with  the  spirit  of  this  remark- 
able record  of  the  creation  of  our  race. 

In  the  physical  properties  of  the  components  of  his  body  to  which  we 
have  here  referred,  man  has  a  community  of  character  with  the  lower 
animals.  There  is,  however,  a  striking  difference  between  the  relative 
quantities  of  the  chemical  elements  in  different  animals — a  difference,  in 
many  instances,  connected  with  their  peculiar  structure,  and  which,  as  it 
supplies  an  instance  of  the  manner  in  which  physical  qualities  alter  the 
appearance  of  animals,  will  afford  an  illustration  of  our  previous  remarks. 
In  the  human  system  we  find  very  little  carbonate  of  lime  deposited,  in  any 
part  of  it.  This  substance,  which,  as  a  mineral,  assumes  the  forms  of  chalk, 
marble,  and  limestone,  is,  however,  found  in  the  human  body  in  small 
quantities.  But  if  we  examine  the  class  of  animals  called  MoUusoa,  to 
which  the  various  forms  of  land  shells  and  shell-fishes  belong,  we  shall  find 
that  the  whole  of  their  shell  is  composed  of  carbonate  of  lime.  This  sub- 
stance is  soluble  in  water  containing  carbonic  acid  gas ;  and  thus  we  find 
it  in  solution  in  seas,  rivers,  and  springs,  and  the  creatures  inhabiting  these 
waters  are  able  to  separate  it  from  its  dissolving  acid,  and  to  form  for 
themselves  an  insoluble  tenement  to  dwell  in.  The  form  of  the  sheU  is  the 
most  obvious  character  of  the  whole  of  the  mollusca,  and  this  form  is  derived 
from  the  carbonate  of  lime,  and  none  of  the  shell-forming  mollusca  could 
exist  without  it.  In  thi?  case  we  have  a  beautiful  instance  of  the  peculiar 
chemical  properties  of  a  substance  determining  the  characters  of  a  whole 
family  of  animals.  Let  us  add  another  instance.  It  is  a  well-known  fact 
that  the  fishes  of  fresh  waters  differ  in  their  characters  from  those  of  the 
sea.  They  will  not  live  in  salt  water,  nor  will  the  fishes  of  the  sea  live  in 
the  fresh  water.  Chemistry  reveals  to  us  the  fact,  which  our  sense  of  taste 
would  suggest,  that  the  fishes  of  the  sea  contain  certain  ingredients  which 
they  derive  from  sea  plants  and  sea  water,  which  they  cannot  obtain  in 
fresh  water,  and  which  are  necessary  to  their  peculiar  form  and  existenoeu 
We  might  extend  this  observation,  and  show  that  the  fishes  of  brackish 
water  differ  from  those  of  fresh  water  on  the  one  hand,  and  those  of  sea 
water  on  the  other.  Not  only  is  this  the  case  with  fishes,  but  the  whole  of 
the  animals  and  plants  of  the  ocean  differ  from  those  found  in  fresh  waters ; 
and  the  differences,  observable  in  a  thousand  various  forms,  seem  all 
determined  by  the  presence  of  common  salt,  and  other  saline  matters,  im 
the  sea. 

A  A 
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But,  whatever  commimity  there  may  be  between  man  and  the  lower 
animals  in  the  identity  of  their  physical  composition,  in  his  animal  struoture 
man  holds  a  much  higher  position  than  any  of  the  dlass  of  beings  to  which 
he  belongs.  This  position  he  holds  more  in  virtue  of  the  greater  complica- 
tion of  his  struoture  than  in  the  functions  (excepting  his  mental  qualifica- 
tions) which  he  performs.  If  we  descend  to  the  lowest  animals,  we  find 
them  taking  food,  digesting  it  in  a  stomach,  preparing  it  for  the  use  of  the 
body,  and  procuring  animal  heat  from  it  by  a  process  of  respiration.  The 
nutritious  matter  thus  prepared  is  worked  into  the  fabric  of  the  body,  is 
consumed  in  the  performance  of  the  various  fonctions,  and  is  afterwards 
thrown  off  from  the  body.  This  process  goes  on  for  a  period — the  animal 
produces  creatures  like  itself,  and  at  last  dies.  These  are  the  processes  which 
go  on  in  the  human  body ;  but  the  organs  by  which  they  are  performed  in 
man  are  very  much  more  complicated,  and  subservient  to  much  higher 
powers  of  mind,  than  are  found  in  any  of  the  lower  animals. 

In  order  to  show  the  more  complicated  structure  of  man,  we  need  not 
refer  to  the  lowest  animals,  but  compare  him  with  those  highest  forms  which 
are  allowed  by  all  naturalists  to  come  nearest  to  him  in  structure  and 
general  resemblance.  The  highest  class  of  animals  amongst  those  which 
are  called  vertebrate,  because  they  possess  a  back-bone,  are  the  Mam- 
malia. This  class  of  animals  is  known  by  many  peculiarities  ;  but  that 
which  distinguishes  them  most,  and  has  given  them  a  name,  is  the  fact  that 
their  young  are  bom  alive,  and  are  nourished  for  some  period  after  their 
birth  by  food  supplied  by  suckliDg  from  the  mother.  This  class  is  divided 
into  several  orders,  according  to  the  development  of  the  extremities  and  the 
teeth.  The  higher  the  animal  is  in  organization,  the  more  divided  and 
sensitive  become  its  extremities,  and  the  more  various  in  form  its  teeth. 
The  ruminants,  to  which  the  ox  and  the  sheep  belong ;  and  the  pachyderms, 
to  which  the  horse  and  the  elephant  belong,  are,  on  account  of  their  hoofed 
feet,  and  the  deficiency  of  some  forms  of  teeth,  placed  lower  than  the  car- 
nivora  and  quadrumana,  in  which  the  feet  are  divided  into  fingers  and  claws, 
and  the  teeth  consist  of  the  three  principal  forms,  viz.,  grinders,  canines,  and 
incisors. 

If  we  now  regard  the  point  of  sensitiveness  in  the  toes  and  fingers  as  in- 
dicating a  higher  range  of  adaptations,  and  requiring  a  larger  development 
of  mental  capacity,  we  shall  at  once  see  the  quadrumana — ^the  order  which 
includes  the  apes,  baboons,  and  monkeys — must  be  placed  in  a  position 
superior  to  that  of  the  camivora,  the  order  to  which  the  lion,  the  tiger,  the 
dog,  and  the  cat  belong.  With  the  superior  development  of  the  fingers  and 
toes  in  the  quadrumana,  we  find,  amongst  many  of  the  tribe,  a  great 
advance  from  the  camivora  and  other  lower  tribes  towards  the  structure  of 
man.  Many  of  the  monkeys  possess  considerable  manual  dexterity  :  their 
body  approaches  the  erect  position,  the  structure  of  the  skull  gives  to  their 
face  a  more  human  appearance,  and  their  general  intelligence  is  greater 
than  that  of  any  other  animals.  But  if  we  now  compare  man  wim  even 
these  highest  creatures,  we  shall  see  that  his  structure  is  more  complicated^ 
and  that,  in  a  vast  number  of  points,  he  not  onlv  differs  from  these  creatures, 
but  affords  proof  of  a  great  advance  in  all  &at  indicates  a  higher  and 
superior  development  of  animal  structure. 

-Compare  the  two  fiigures  (1  and  2),  and  every  one  will  feel  instinctively, 
at  a  glance,  the  superior  beauty  and  higher  development  of  the  skeleton  of 
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MR  as  compared  with  that  of  the  oran^-outang.  The  first  thin^  tibat  strikes 

the  observer  is  the  manifest  want  of 
adaptability  in  the  skeleton  of  the 
baboon  to  maintain  the  erect  posi- 
tion ;  wMLst  the  placing  of  man  on  his 
hands  and  feet  is  felt  to  be  opposed 
to  his  stmctore.     If  we  examine  the 
two  skeletons  from  this  point  of  view, 
we  shall  observe  a  nnmber  of  remark- 
able stractural differences.    In  the  first 
plaoe,  it  will  be  seen  that  the  feet 
of  man  are  broader  than  those  of  the 
monkey,  and  of  any  other  animal  in 
proportion  to  its  size,  in  order  to  give 
a  surface  large  enongh  for  the  body  to 
be  conveniently  placed  on  them,  and 
moyed  with  rapidity.    On  examining 
the  bones  of  the  tarsus  (instep),  (Figs. 
1  and  2,  n),  it  will  be  seen  that  they 
are  bound  firmly  together,  and  that 
they  are  on  a  level  witii  the  bones  of 
the  toes.     This  is  not  the  case  with 
the  orang,  in  Which  the  bones  of  the 
tarsus  are  loose,  and  considerably  ele- 
vated above  those  of  the  toes.  In  dogs, 
and  many  other  quadrupeds,  the  bones 
of  the  instep  and  wrist  are  consider- 
ably elevated  from  the  ground,  and  the 
body  rests  entirely  on  the  toes.    In 
the  hotse,  and  otner  animals  with  a 
solid  hoof,  not  only  are  the  bones  which 
represent  the  wrist  and  instep  in  man 
elevated,  but  only  the  third  series  of 
bones  constituting  the  toes  (Fig  1,  o) 
rest  on  the  ground.    The  whole  struc- 
ture of  the  foot  of  man  is  adapted  to 
sustaining  the  weight  of  the  body,  and 
is  not  us^  for  the  purposes  of  prehen- 
sion, as  is  the  case  in  all  the  ^uadru- 
mana.    In  this  we  have  an  instance 
of  higher  development,  as  tiie  function 
of  hfuadling,  which  is  possessed  by  boHi 
the  fore  and  hind  extremitieB  of  the 
monkeys,  is  entire^  confined  to  the 
upper  in  man.   Whilst  the  fonctioiL  of 
supporting  the  body,  which  most  ne- 
cemrfly  intei^eie  with  the  delioiite 
sensation  required  lor  expert  manipu- 
lation, isperfonnod  by  all  the  extremi- 
*  tiesof  themaakeySfitiRConfinedtothe 
lower  extremitiei  in  man*    It  is  tiiis 
Fig.  1. 
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fact  that  at  once  coustitutes  man  '<  bi-manos  "  and  ^^  biped  " — a  combination, 
not  found  in  any  other  animal. 

If  we  now  cast  our  ejes  above  the  foot,  we  shall  see  how  different^  the 
parts  of  the  le^  are  placed  in  relation  to  it  in  man  and  the  monkey.  In  the 
former  the  tibia  ana  fibula  (Fig.  1,  m)  are  placed  at  right  angles  with  the 
foot,  and  the  heel-bone  projects  so  as  to  receive  the  tendon,  of  the  powei^ 
muscle  which  constitutes  the  calf  of 
the  leg,  and  performs  the  most  service 
in  the  locomotion  of  the  body.  Above 
the  bones  of  the  leg  are  those  of  the 
thigh  (Figs.  1  and  2,  /).  On  these 
bones  the  broad  pelvis  of  the  man 
(Fig.  1,  i)  rests,  and,  by  the  peculiar 
shape  of  the  neck  of  the  th^h-bone,  a 
broad  surfeuse  of  support  is  secured. 
In  man  the  bones  of  the  thigh  are 
much  longer  than  in  the  oran^,  and 
wider  apart  in  proportion  to  their  length 
attiie  summits.  The  pelvis  TFig.  1,  i) 
in  man  differs  remarkably  m>m  that 
of  the  lower  animals;  it  ismuch  broader 
and  firmer  at  the  back,  in  that 
portion  on  which  the  bones  of  the  spine 
(Figs.  1  and  2,  g)  rest.  The  bones 
of  the  pelvis  are  also  much  curved 
below,  K>r  the  support  of  the  internal 
-viscera,  and  also  to  render  the  sitting 
posture  of  man  tolerable,  which  would 
be  impossible  were  this  part  of  his 
skeleton  constructed  on  the  same  prin- 
ciple as  that  of  the  orang-outang. 

From  the  pelvis  we  pass  to  the 
spine,  that  part  of  the  skeleton  included 
between  the  head  and  the  pelvis,  and 
which  is  composed  of  a  number  of 
small  bones  called  vertebrce  (from  ver^ 
terej  to  turn).  These  are  divided  into 
three  kinds — ^the  lumbar  (Fi^.  1  and 
2,  g);  the  dorsal ;  and  the  cervical  (6  b). 
The  vertebrae  in  man  are  so  constructed 
as  to  fit  the  spine  iot  the  erect  atti- 
tude. The^  are  arranged  in  the  form 
of  a  p3rramid,  with  the  base  below, 
and  admit  of  a  considerable  amount  of 
motion,  but  always  so  arranged  that 
the  centre  of  gravity  is  brought  within 
the  base.  To  the  vertebrae  the  ribs 
(//)  are  attached,  and  brought  to- 
other in  front  by  abroad  bone  called  the 
sternum  {e  e).  The  thorax,  or  chest,  is  thus  formed,  and  in  man  it  differs 
from  the  monkey  by  being  shallower  and  more  compressed  in  front,  and 
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wider  from  side  to  side :  by  this  means  the  tendency  of  the  tronk  to  press 
forwards,  as  it  were,  which  is  seen  in  the  lower  animals,  is  prevented. 

We  now  turn  to  the  upper  extremities.  They  are  attached  by  means  of  the 
blade-bone  and  collar-bone  (c  c)  to  the  thorax.  They  differ  not  less  in  the 
two  beings  we  are  comparinfi^  than  the  lower  extremities.  In  the  orang  the 
bones  of  the  arm  are  much  longer  than  those  of  the  leg ;  in  man  they  are  of 
the  same  length.  In  the  hand  7k  k\  also,  we  observe  great  differences.  The' 
iirst  thing  that  strikes  us  is  tne  size  of  the  thumb.  In  monkeys  we  have 
what  is  called  an  <*  opposable  thumb" — a  finger  opposed  to  the  others,  by 
which  grasping  and  handling  are  effected ;  but  in  man  this  thumb  is  capable 
of  touching  the  points  of  all  we  fingers,  whilst  in  the  orang-outang  the  thumb 
is  so  small,  and  the  fingers  so  long,  that  their  tips  can  hardly  be  strained  to 
meet,  much  less  opposed  to  each  other  for  use.  It  is  the  meeting  of  the 
thumb  and  tips  of  tne  finders  which  enables  man  to  use  his  hand  at  once 
with  so  much  precision  and  power,  that,  of  all  organs  that  distinguish  him, 
this  has  been  pointed  out  as  the  most  important.  Even  were  the  structure 
of  the  hand  more  elevated  in  apes,  it  would  be  of  less  use  to  them  than  it  is  to 
man ;  for  it  would  only  be  when  they  were  in  the  erect  attitude  that  they 
could  use  it.     But  man's  hand  is  always  free,  for  his  attitude  is  erect. 

In  all  our  reflections,  however,  on  the  superiority  of  the  organs  of  man 
oyer  those  of  the  beasts  of  the  field,  we  must  not  forget  that  they  are 
directed  to  their  great  ends  by  the  intelligence  of  the  human  race,  and  that 
without  this  power  man  would  speedily  sink  below  the  level  of  the  brute, 
and  probably  would  shortly  cease  to  exist. 


CHAPTER  in. 

THE  PHYSICAL  STETJCTUEE  OF  MAN    AS  COMPARED  WITH  THE  LOWEE 

ANmALS, 

In  out  last  chapter  we  were  comparing  the  structure  of  the  skeleton  of  man 
with  that  of  the  highest  of  those  creatures  which  most  nearly  approach  him 
in  habits  and  organization.  "We  purposely  selected  the  skeleton,  in  pre- 
ference to  any  other  system  of  organs,  for  comparison,  as  we  find  this  hard 
framework  of  the  higher  animals  assuming  its  peculiarities  of  structure  in 
obedience  to  the  requirements  of  the  softer  parts  of  the  system,  which  it 
either  supports  or  protects.  In  contrasting  the  conformation  of  man  with  the 
lower  animals,  we  cannot  fail  to  be  struck  with  the  numerous  points  of  differ'- 
ence  which  exist  between  them.  The  differences  are  so  great  that  it  seems  almost 
an  improper  expression  to  say  that  the  orang-outang  is  a  link  between  man 
and  the  quadrumana,  as  man  has  an  organization  much  more  in  advance  of 
this  creature  than  it  has  above  any  of  its  own  tribe.  Man,  in  fact,  is  not 
merely  the  last  link  in  the  chain  of  the  animal  kingdom,  but  is  a  new 
creation,  with  a  body  as  much  more  highly  developed  above  any  of  the  lower 
creatures  as  his  mind  is  superior  to  the  instinct  and  intelligence  of  animals. 
Yet  the  world  has  been  called  upon  to  adopt  the  idea  that  man  has  not  been 
specially  created  and  placed  upon  the  surface  of  the  earth,  but  that  he  is  the 
descendant  of  some  of  the  higher  forms  of  monkeys.  This  theory  (which  the 
writer  believes  to  be  entirely  erroneous)  is  called  the  theory  of  organic 


3a6  THE  Hom  tutob. 

deyelopment,  and  it  supposes  that  the  Tarious  forms  of  animal  and  vegetable 
life,  csuled  species,  have  not  been  created,  but  developed  the  one  from  the 
other.  Thus  it  supposes  that  cells  are  formed  under  the  influence  of 
galvanism,  -which  at  last  become  endowed  with  Hfe ;  that  these,  on  the  one 
hand,  proceed  to  become  plants,  and  on  the  other  to  become  annuals.  Sea« 
weeds  grow  into  lichens,  lichens  into  mosses,  mosses  into  ferns,  and  ferns 
into  pauns,  oaks,  and  elms.  The  animalcules  become  polypes,  the  polypes 
star-nshes,  and  these  a^ain  pass  on  to  fishes,  reptiles,  birds,  and  mamrnius, 
till  at  last,  by  the  contmucd  process  of  improvement,  the  race  of  man  came 
into  existence.*  Now,  had  we  nothing  but  the  forms  of  the  lower  animals 
to  guide  us  to  a  rational  history  of  creation,  we  might,  influenced  by  the 
dose  resemblance  in  structure  in  many  kinds  of  animals,  come  to  the  oon- 
dusion  that  it  was  not  impossible  for  one  to  produce  the  other ;  but  when 
we  come  to  compare  man  with  all  other  animals,  we  should  find  that  he  left 
them  at  so  great  a  distance,  that  here,  at  least,  our  explanation  would  not 
hold.  But  when  we  examine  the  facts  of  history,  and  find  that  in  all  time 
wo  have  no  single  observation  to  prove  that  a  lower  animal  can  produce  a 
higher  one,  and  each  creature  produces  its  own  species  and  no  other,  we  are 
dnvcn  to  the  conclusion  that  the  production  of  every  species  of  animal  and 
plant,  as  well  as  man,  was  an  esp^ecial  act  of  creative  power  on  the  part  of 
Deity,  and  that  he  has  left  no  portion  of  his  creation  to  ^e  mere  consequences 
of  material  laws. 

Let  us,  however,  now  return  to  our  comparison  between  the  structure- of 
man  and  the  oiang-outang,  as  we  shall  find  that  this  examination  will 
materially  assist  us  in  our  subsequent  inquiries  with  regard  to  the  differences 
that  exist  amongst  the  races  of  men.  In  regarding  the  skeleton  of  the  lower 
animals,  as  compared  with  -man,  nothing  is  more  remarkable  than  the 
position  of  the  head.  In  man.  the  head  is  placed  upon  the  top  of  the  spinal 
column,  in  such  a  manner  that  its  whole  weight  rests  directly  upon  the  erect 
spine.  It  is  on  this  account  that  a  small  amount  of  muscular  power  is 
capable  of  giving  to  the  human  head  the  various  movements  of  which  it  is 
susceptible.  On  examining  the  human  body,  we  find  a  number  of  small 
muscles  attached  to  the  cervical  vertebrae  (Fig.  1,  p.  357,  b  6),  and  to  the 
base  of  the  skull,  by  which  the  head  and  face  are  moved  up  and  down, 
^nd  from  side  to  side,  adapting  it  to  the  various  positions  it  assumes  under 
different  mental  states,  and  in  the  exercise  of  its  functions.  "When  we 
examine  the  lower  animals,  we  find  that  the  skull  is  placed  obliquely  upon 
the  cervical  vertebra},  so  that  with  the  horizontal  position  of  the  si>ine  it 
gravitates  toward  the  earth.  This  obliquity  is  less  in  monkeys  than  in  the 
horse,  ox,  and  elephant ;  and  in  these  latter  animals  a  powerful  ligament, 
called  by  anatomists  the  Ugamentum  nuch(B,  is  extended  ttom  the  b^  of  the 
skull  to  the  cervical  vertebra),  for  the  purpose  of-  keeping  the  head  in  its 
proper  position  in  relation  to  the  spine.  In  animals  that  are  eaten  tiiis 
powerful  ligamentous  band  is  known  as  "  pax-wax,"  or  **  pack-wax." 

The  form  of  the  skidl,  and  the  relation  of  the  face  to  the  upper  portion  of 
the  skull,  are  very  different  in  the  lower  animals  and  man.  In  the  former 
we  find  the  upper  and  lower  jaws  projecting  greatly,  so  as  to  elon^te  the 
face ;  whilst  the  skull  is  thrown  backwards,  and,  as  it  were,  behind  uie  face. 
This  projection  of  the  muzzle  is  very  characteristic  of  the  lower  animals ; 
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and  as  we  pass  from  the  kss  developed  to  those  whioh  approach  man  in 
stnioture,  we  find  the  jaws  projecting  less,  and  the  skim  brought  more 
forward,  till  at  last  they  assume  a  somewhat  human  appearance.  This  is 
the  case  with  the  monkeys,  and  especialljr  the  orang-outang ;  but  the  skull  of 
this  animal  presents  a  wide  contrast  with  that  of  man  (Figs.  1  and  2\  in 
these  particulars.  In  order  to  appreciate  the  differences  between  the  laoe 
and  the  skull  of  yarious  animals  and  man,  different  plans  have  been  proposed, 
but  that  of  Camper  is  most  generally  followed.  This  consists  in  ^wing  a 
line  from  the  external  opening  of  the  ear  to  the  lower  edge  of  the  opening 
of  the  nostril.  If  another  line  be  now  drawn  from  the  side  of  the  chin, 
falUng  upon  the  most  prominent  part  of  the  forehead,  it  will  form  an  angle 
with  the  iirst  line,  more  or  less  acute  according  to  the  greater  or  less  promi- 
nenoe  of  the  skuU  and  projection  of  the  jaws.  If  we  draw  these  Ihies  in  the 
crocodile,  we  shall  iina  that  they  correspond,  and  there  is  no  appreciable 
angle.  Cuvier  gives  the  following  as  the  result  of  the  measurement  of  this 
angle  in  various  animals : — In  the  Horse  it  is  23  deg. ;  Kam,  30  deg. ;  Dog, 
36  deg. ;  Orang-outang,  56  deg. ;  European  adult  86  deg. 

It  should,  however,  be  remarked  that  these  measurements  differ  within 
certain  limits  amongst  all  creatures.    The  difference  is  very  considerable  in 

the  various  races  of  men.  Thus,  in 
the  Negro  races  (Fig.  3),  we  iind  this 
angle  more  acute  than  it  is  amongst 
the  races  who  inhabit  China,  or  the 
wild  Indians  of  America ;  whilst  in 
the  European  it  is  more  nearly  a  right 
6  angle  than  in  any  other. 

Another  remarkable  feature  oon- 
Jnected  with  the  organization  of  tho 
[  head  is  the  character  of  the  teeth.  Man 
I  is  distraguished  from  all  other  animals 
in  the  equal  length  of  his  teeth.  In  all 
the  lower  animals  we  find  the  teeth 
overlapping  each  other,  and  thus  pro- 
ducing an  irregular  line,  where  they 
are  closed  one  over  the  other,  and  meet 
together.  The  vertical  position  of  the 
teeth  of  man  produces  also  the  promi- 
nent chin,  which  is  a  very  characteristic 
Another  peculiarity  in  the  face  of  man  is  the  promi- 
nence of  the  bones  of  the  nose  (Fig.  3,  A),  as  compared  with  the  diminished 
protrusion  of  the  upper  jaw,  and  the  projection  of  the  forehead ;  so  that 
the  nose  becomes  an  organ  influencing  the  whole  aspect  of-  the  countenance. 
The  whole  of  these  distinguishing  characters  of  the  skull  and  face  of  man 
have  relation  to  his  erect  position,  as  we  immediately  recognize  in  the  di- 
minished length  of  the  muzzle,  the  broad  flat  face,  and  expanded  forehead, 
the  structure  of  a  creature  that  coidd  not  use  its  moutn  as  an  organ  of 
prehension,  for  tiie  purpose  of  taking  its  food  from  the  ground,  or  even  for 
laying  hold  of  the  miit  of  trees,  as  is  the  case  with  monkeys. 

It  18  not,  however,  alone  in  the  hard  parts,  or  bones,  that  we  find  man 
differing  from  the  rest  of  the  animal  kingdom.  To  each  of  the  various  bones 
of  the  skeleton  in  the  living  body  there  are  attached  muscles,  which  have 
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the  power  of  moying  the  yarioiui  limbs,  and  seouring  the  actiyity  of  the 
whole  firame.  These  miuscles  are  adapted  to  the  special  need  of  the  system ; 
and  although,  in  the  power  these  mnscles  possess  over  the  movement  of  the 
body,  man  may  not  appear  to  have  so  great  advantages  as  many  animala  in 
running,  climbing,  leaping,  and  flying,  yet  in  his  intelligenoe  he  possesses  a 
power  of  controlBng  these  mnscles: -this  enables  him  fearlessly  to  contend 
with  the  strongest  animals,  and  to  subdne  them  to  his  own  wants  and 
requirements.  The  structure  and  position  of  the  heart,  and  the  distribution 
of  the  great  blood-vessels,  have  all  reference  to  the  erect  posture  in  man. 
This  is  seen  remarkably  in  the  form  of  the  blood-vessels  which  enter  the 
head,  and  which  are  so  constructed  as  to  allow  of  a  free  passage  of  blood  to 
the  brain.  It  is  on  this  account  that  a  long-continued  stooping  posture  is  so 
injurious  to  man,  and  frej^uently  ends  in  an  attack  of  apoplexy,  arising 
from  the  too  great  fEUiility  with  which  the  blood  in  this  position  enters  tiie  head. 

The  great  nervous  mass  called  tiie  brain  is  larger  in  man,  in  those  por- 
tions devoted  to  the  exercise  of  the  functions  of  tiae  intellect,  and  the  con- 
volutions aie  deeper  and  larger,  than  in  any  of  the  lower  animals.  This 
large  brain  is  connected  with  the  development  of  those  higher  mental 
powers  which,  after  all,  constitute  the  most  remarkable  distinction  between 
man  and  the  brutes.  As  a  power  under  the  direct  control  of  his  intelli- 
gence, voice  is  one  of  the  distmguishing  characters  of  man.  Although  many 
animals  may  have  the  power  of  producing  sounds  through  their  larynx,  and 
these  may  be  indications  to  others  of  certain  feelings,  or  even  mental  con- 
ditions, there  is  nothing  corresponding  with  hxnnajikmffuage  amongst  them. 
At  any  rate,  they  have  no  power  of  indicating  by  signs  tibese  sounds,  and 
thus  of  handing  down  from  generation  to  generation  the  knowledge  they 
have  previously  acquired.  With  this  power  in  man  we  find  remarkably 
connected  his  capacity  for  progress.  He  accumulates  his  knowledge,  and 
each  generation,  as  it  passes  away,  leaves  the  world  richer  in  facts,  thoughts, 
and  ideas  than  it  found  it :  thus  the  habits  of  man  become  changed  as  suc- 
cessive generations  of  his  race  pass  away.  But  this  is  not  tiie  case  with  any 
of  the  lower  tribes  of  animals ;  they  are  probably  the  same  to-day  as  they 
were  when  their  first  progenitors  appeared  upon  the  earth.  The  dog,  the 
pig,  the  monkey,  the  elephant,  are  not  conscious  of  a  history,  and  we  have 
every  reason  to  believe  that  they  are  guided  by  the  same  instincts,  and 
ruled  by  the  same  laws,  now  as  they  ever  have  been. 

The  slow  growth  of  man,  and  the  great  age  he  attains,  in  comparison 
with  his  size,  are  both  points  in  his  economy  which  are  remarkably  charac- 
teristic of  his  race.  He  is  not  able  to  procure  food  for  himself  until  he  is  at 
least  more  than  three  years  old ;  but  long  after  this  period  he  requires  the 
constant  attention  of  his  parents.  This  long  dependence  of  the  offspring 
upon  the  care  of  its  parents  gives  rise  to  those  social  relations  which  last 
through  life,  and  which  afford  so  much  hajjpiness  to  man,  but  little  of 
which  exists  amongst  any  of  the  brute  creation.  As  far  as  can  be  ascer- 
tained, man  lives  much  longer  than  any  of  the  kinds  of  animals  with  which 
we  are  at  present  acquainted ;  for,  although  his  averaee  period  of  existence 
does  not  exceed  between  thirty  and  forty  years,  and  many  instances  are 
known  of  animals  living  so  long,  yet  there  is  abundant  evidence  to  prove 
that  man  lives  sometimes  to  the  age  of  a  hundred  years,  and  that,  were  his 
attention  more  directed  to  the  removal  of  the  causes  of  deatii,  and  the 
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abolition  of  the  practice  of  war,  he  might  extend  the  average  of  his  life  to 
sixty  or  seventy  years. 

We  shall  not  enter  here  into  any  detail  of  the  contrast  between  the  mental 
powers  of  man  and  the  lower  animals,  but  merely  refer  to  man's  capacity  of 
reasoning  from  effect  to  canse,  and  his  powers  of  proceeding  to  recognize,  in 
all  that  exists  aronnd  him,  a  great  First  Cause— omnipotent,  omniscient, 
and  omnipresent — ^whom  he  wonhips  as  his  Creator,  from  whom  he  has  pro- 
ceeded, and  to  whom  he  hopes  in  spirit  to  return—for  the  most  convincing 
argument  of  man's  essential  distinction  from  the  rest  of  the  animal  kingdom, 
and  his  dignified  position  in  the  world  in  which  he  is  placed. 


CHAPTER  IV, 


OK    THE    SSUSTj    HAIB,    EYES,    ANB    BONES    OF    THE    SKULL,    AS    LIABLE    TO 
VAEIETY  IN  THE  DIFFBBENT  EACES  OP  MEN. 

Iv  the  preceding  chapters  we  have  seen  that  however  numerous  may  be  llie 
j)oints  of  agreement  between  man.  and  the  lower  animals,  he  is  clearly  dis- 
tinguished from  them  by  characters  that  are  unmistakable  in  all  circum- 
stances in  which  he  mav  be  found.  Yet  numerous  as  are  the  features  which 
distinguish  man  from  tne  highest  monkeys,  at  first  sight  they  do  not  appear 
to  be  more  decided  than  the  differences  which  exist  between  the  various 
races  of  men.  How  many  ore  the  characters,  for  instance,  by  which  an 
individual  of  the  black  races  of  Africa  is  distinguished  from  one  of  the  white 
races  of  Europe !  The  black  skin,  the  curly  hair,  the  retreatinp^  forehead, 
the  projecting  jaw,  the  whole  frame  of  the  one — how  stronj^ly  it  contrasts 
with  the  fair  complexion,  the  long  hair,  the  prominent  brain,  the  retreat- 
ing jaw  of  the  other !  Yet,  when  we  come  to  examine  accurately  the  differ- 
ences between  the  various  races  of  men,  we  shall  find  Hiat  every  recorded 
dissimilarity  may  be  comprised  within  limits  ve^  much  narrower  than  any 
that  distinguish  man  from  the  lower  animals.  Thusj  although  we  find  con- 
siderable variety  in  the  form  and  length  of  the  foot  in  man,  we  never  fijid 
anything  approaching  the  difference  that  exists  between  man  and  the 
orang-outang.  "We  might  thus  take  up  every  individual  character  of  differ- 
ence between  man  and  man,  and  show  that  whatever  may  be  its  extent 
amongst  the  human  races,  it  is  much  greater  between  man  and  the  lower 
animus.  There  is,  in  fact,  no  one  physical  feature  characteristic  of  the 
degradation  of  the  lowest  races  of  men  m  which  man  does  not  more  closely 
resemble  the  highest  specimens  of  his  race  than  he  does  the  most  highly 
developed  forms  of  the  mammalia. 

Let  us,  then,  now  proceed  to  examine  some  of  these  differences  in  the 
appearance  and  structure  of  man.  and  the  agencies  to  which  they  have  been 
ascribed  as  causes. 

One  of  the  most  obvious,  although  perhaps  not  the  most  constant,  differ-^ 
ences  between  the  races  of  men  is  the  colour  of  the  skin.  This  varies  in  all 
possible  shades  amongst  the  different  varieties  of  mankind — from  the  fairest 
blondes  of  the  European  races  to  the  deep  ebony  of  those  of  Africa.  All  the 
observed  varieties  or  shade  ap]^ar  to  depend  on  the  presence  or  absence  of 
a  peculiar  set  of  cells  in  Uie  akm.    In  order,  however,  that  this  may  be  un- 
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dentoody  we  must  speak  a  little  in  detaQ  of  tiio  ilniciure  of  Hie  Am. 
Althongh  apparentlr  reiy  simple  in  its  stmetore,  the  ikin  is  nevcrtbelefls  a 
rery  eompfmnd  organ ;  and  men  we  eonsider  llie  inmortant  fanetiora  it 
performs,  and  its  relatkms  to  tlie  rest  of  the  hodj,  we  shall  not  he  siuptised 
at  this.  It  is  not  only  the  seat  of  eommon  senroon,  hot,  hy  means  of  tiie 
nqpoor  it  coostantlj  emits  in  the  iorm  of  penetration,  it  hecomes  the  great 
regoktor  of  the  heat  of  the  hodj.  For  tMse  pniposes  it  is  supplied  with 
nerresy  hlood-messels,  and  glands. 

On  examining  a  portion  of  ddn  from  the  pahn  of  tiie  hand  or  sole  of  the 
foot,  from  without  mwards,  we  find  that  extemallj  it  mesents  a  nomher  of 
furrows,  or  lines,  which  are  tolerably  constant  in  paracmar  parts  of  the  body. 
On  the  elevations  between  these  lines  are  seen  a  nnmber  of  minnte  openings 
(Fig.  4,  b  b)f  which  are  the  terminations  of 
the  glands  {d  d  d)  that  yield  perspiration. 
These  furrows  and  pores  are  in  the  upper 
layer  of  the  slsin,  eaUed  epidermis  (e  ^),  or 
scarf  skin.  This  membrane  is  in  some  parts 
very  thin,  not  exceeding  ^l^th  part  of  an  inch 
in  thickness,  whilst  in  ouiers,  as  in  ibe  sole 
of  the  foot  and  the  palm  of  the  hand,  it  is  at 
least  -ffth  of  an  inch  thick.  It  is  this  portion  y ' 
of  the  skin  which  is  elevated  when  what  are 
called  blisters  are  fonned.  When  examined 
with  the  microscope,  it  is  found  to  consist  of 
minnte  flat  cells,  which  have  been  formed 
below,  and  are  gradually  thrust  upwards. 
Below  this,  but  for  the  most  part  continuoiis 
with  it,  is  another  series  of  layers  of  cells 
(c  e)y  and  which  were  called,  at  one  time,  by 
the  name  rete  mucotum,  as  it  was  supposed 
to  be  a  separate  membrane.  The  real  nature  of  these  layers  of  cells  is,  that  they 
are  all  secreted  on  the  surface  of  a  tough  fibro-vascular  membrane,  called  the 
corium,  or  true  skin  (A  h).  The  ceUs  of  the  lower  layer,  called  the  rete 
mueosumj  are  softer  and  much  less  compressed  than  those  which  form  the 
epidermis.  It  is  amongst  these  cells  that  a  certain  set  are  found  which  are 
termed  pigment  cells.  When  separated  they  have  a  very  distinct  form,  and 
are  easily  distinguished  from  all  the  other  cells  by  their  dark  colour.  This 
dark  colour  is  dependent  on  the  presence,  in  the  cells,  of  a  number  of  flat, 
rounded,  or  oval  granules,  not  more  than  the  ^^jfey^  of  an  inch  in  diameter. 
Now,  it  is  found  that  these  cells  are  always  present  in  the  skin  of  the  dark- 
ooloured  races  of  mankind,  and  aliso  in  tuose  parts  of  the  skin  of  fair  races 
which  are  of  a  dark  colour.  It  is,  then,  to  the  presence  or  absence  of  these 
oeDs  that  the  skin  is  indebted  for  its  white  or  black  colour.  Where  they 
are  ver^  abundant,  the  skin  has  a  black  colour ;  and  in  proportion  to  their 
diminution  are  the  various  shades  called  red,  yellow,  brown,  brunette, 
which  are  observed  amongst  the  various  races  of  mankind. 

It  has  always  been  a  question  of  interest  to  the  ethnologist  as  to  whether 

♦  Diagram  of  the  structure  of  the  skin  :—a  Epidermis,  b  b  Pores,  e  e  Layers  of  epi- 
dermis and  rete  mucosum.  e  f  Inhalant  yessels.  ^  ^  Papills  of  the  skin.  A  H  Corium, 
or  true  skin,  ddd  Bulbs  of  sudoriferous  glands  opening  m  the  pores,  b  b. 
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the  presence  of  these  pigment  cells  oould  be  traced  to  any  external  influence. 
As  far  as  inquiries  have  extended  at  the  present  day,  it  appears  that  the 
tendency  to  form  these  cells  is  dependent  in  some  measure  on  the  exposure 
of  the  skin  to  light.  As  a  rule,  it  is  found  that  where  the  8un*s  rays  are 
most  direct — in  other  words,,  where  there  is  the  greatest  amount  of  light — 
the  skins  of  human  beings  exhibit  the  greatest  "tendency  to  derelope  these 
cells.    The  darkest-skinned  races  are  inhabitants  of  the  tropics. 

Tins  is  not  a  mere  concidence ;  for  when  the  laws  of  light  are  studied,  we 
find  that  its  influence  on  organic  bein^  is  such  that  we  are  led  to  the  con- 
clusion that  light  is  capable  of  affecting  the  oi^anic  constitution  of  bodies 
which  are  exposed  to  its  action.  In  the  vegetable  world  the  most  brilliant 
colours,  the  most  powerful  scents,  and  the  most  poisonous  secretions  are  all 
produced  under  the  agency  of  intense  light.  That  exposure  to  Ught  has  an 
influence  in  the  deyelopment  of  the  colour  of  the  skin  is  also  supported  by 
the  fact  that  the  children  of  all  dark  races  are  bom  fair,  and  do  not  become 
black  till  they  have  been  exposed  to  the  light  of  the  sun. 

At  the  same  time  that  there  exists  this  evidence  to  support  generally  the 
position  that  the  light  of  the  sun  developes  the  dark  colour  of  the  skin,  there 
are  many  facts  to  show  that  the  growth  of  these  cells  at  all  is  under  the 
control  ot  circumstances  over  which  this  external  agent  has  no  influence. 
Thus  occasionally  there  are  bom  amongst  the  black  races  individuab  in 
whom  these  pigment  cells  are  not  developed,  and  they  remain  white  through- - 
out  their  lives.  In  certain  parts  of  the  body  these  cells  are  found  in  fair 
races,  as  in  the  hair  and  the  eyes,  but  even  amongst  these  races  such  indivi- 
duals are  bom.  They  are  known  by  the  name  oi  Albinos y  and  are  remarkable 
for  white  hair,  and  the  absence  of  pigment  cells  in  the  eyes,  which  gives  the 
interior  of  these  organs  a  red  colour,  from  the  blood-vessels  reflecting  the 
colour  of  the  blood.  This  occurrence  is  also  not  unfremient  amongst  domes- 
ticated animals.  From  these  facts  we  must  regard  the  dark  colour  of  the 
skin  as  due  to  the  constant  action  of  light  upon  a  system  in  which  there  is  a 
natural  tendency  to  develope  the  pigment  cells. 

Although  colour  so  remarkably  and  evidently  distinguishes  human  beings 
from  one  another,  yet  we  And  that  throughout  nature  it  is  one  of  the  least 
permanent  marks  of  distinction  between  one  animal  and  another,  and  even 
one  plant  and  another.  It  will  be  well  to  bear  this  in  mind,  for  when  we 
come  to  speak  of  the  great  question  as  to  whether  there  is  more  than  one 
species  of  man — whether  God  has  created  two  or  more  kinds  of  men,  with 
different  fiharacters,  habits,  and  destinies — ^we  shall  And  it  important  to  form 
a  just  estimate  of  we  individual  characters  which  distinguish  man. 

Closely  connected  with  the  colour  of  the  skin  are  the  appearance  and  colour 
of  the  hair.  With  the  dark  black  skin  the'  hair  is  black,  crisp,  and  woolly ; 
whilst  with  the  red  oar  yellow  colour  of  the  skin  the  hair  is  seldom  woolly,  or 
even  eorly,  hat  is  blaek,  lank,  and  straight.  On  the  other  hand,  with  the 
fair  skin  the  hair  ii  never  woolly,  and  frequently  of  a  light  colour. 

The  hair  is  an  appendage  of  the  skin,  and  is  formed  in  littie  depressions 
of  this  organ,  which  are  called  hair  follicles  (Fig.  6,  a).  These  follicles  extend 
to  various  depths  of  the  cerium,  and  are  always  lined  with  cells  of  the  same 
nature  as  those  found  in  tibe  epidermis.  It  is  through  the  secretions  of 
these  cells  that  the  hair  {b)  is  first  formed  in  the  follicle,  and  then  gradually 
thrust  out  from  below,  upwards,  so  that  what  is  called  the  erowth  of  the 
hair  is  secured.  The  hair  is  not  a  living  purt  of  the  body;  it  has  no  blood- 
Tessels  or  nerves,  and  is  similar  in  its  organic  nature  to  the  epidennia  itsAli* ' 
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On  examining  a  hair  under  the  microscope,  it  is  found  to  oonsiat  of  tiirae 
parts— first)  of  a  coating  of  finely-imbricated  scales,  the  projecting  edgea  irf 
which  giye  to  the  hair  a  serrated  iHn>earance ;  seoondlj,  a  fiteons  sabatenee, 
mi^  up  of  straight,  rigid,  longitudmal  fibres,  flattened  and  pointed  at  eaeh 
end,  and  broad  in  the  middle.  These  fibres  are  the  resultof  the  rnUairf 
which  we  have  before  spoken,  formed  in  the  interior  irf  Ihe  foUide,  and 
which,  as  they  pass  upward  to  form  the  shaft  of  the  hair,  are  submitted  to  a 
considerable  amount  of  compression  in  the  upper  part  of  the  follide.  It  is 
in  these  fibres  of  the  hair  that  the  cfdoniing 
matter  exists  which  gives  the  peculiar  colour  to 
the  hair.  This  depends  on  the  presence  of  ^ 
same  kind  of  cells  m  the  follicle  which  we  be- 
fore  found  giving  colour  to  the  skin.  Whai 
the  pigment  cells  are  numerous  in  the  ludr  fo^ 
licle,  file  hair  is  black;  and  it  is  of  ywaiywg 
shades  of  lightness  according  as  these  eella  «r 
absent  It  is  the  perfect  absence  of  tiieae  «& 
that  gives  to  the  hairs  of  the  Albino  and  tibe 
aged  their  silvery  white  appearance.  Tho  «niie 
cause  produces  the  colour  of  the  hairs  of  the  mknui 
of  various  animals.  The  white  hairs  are  deatitnte 
of  the  pigment  cells,  whilst  in  coloured  haira  they 
are  present  in  various  proportions.  In  some  hairs 
there  is  a  third  portion,  oeJled  the  medulla,  or 
pith.  It  consists  of  little  masses  of  eranular 
particles  and  coipuscles,  which  form  a  SaA  line 
in  the  middle  oi  the  hair.  It  is  not,  however, 
an  essential  part  of  the  hair,  as  it  is  found  very 
frequently  absent.  In  the  skin  are  a  number  of 
small  glands,  whose  function  it  is  to  secrete  oily  matter,  which  is  thrown 
out  on  the  surface,  and  in  most  cases  it  is  found  that  these  sebaceous  glands 
open  into  the  hair  follicles  (Fig.  5,  d  d).  Their  function  is  probably  to  faci- 
litate the  projection  of  the  hair  from  its  follicle,  as  well  as  to  supply  it 
with  the  oily  matter  which  is  necessary  to  its  healtiiy  condition. 

From  these  facts  we  may  arrive  at  the  obvious  conclusion  that  the  hair 
is  influenced  by  the  same  external  agents  as  the  skin ;    and  we  have  this 
confirmed  by  the  occurrence  of  the  particular 
kinds  and  colour  of  hair  with  special  conditions 
of  the  skin.     At  the  same  time  we  see  here 
again  that  conditions  of  the  hair  come  on  inde- 
pendently of  the  influence  of  heat  and  light.  The 
children  of  fEiir  parents  are  sometimes  bom  with 
black  curly  and  almost  woolly  hair.    In  animals 
— for  instance,  the  sheep— where  the   hair  is 
normally  white,  we  constantly  find  the  occa- 
sional occurrence  of  a  lamb  that  is  perfectly  ,,.     «  . 
black.    Another  instance  of  the  colour  of  tbe  ^*    ' ' 
hair  being  independent  of  climatal  and  hereditary  tendencies  is  seen  in 


Tig.  6* 


*  Diagram  of  a  hair  follicle  and  hair. 
BebsceouB  glands,  opening  into  hair  foUide. 
t  Oauoaaian  eye. 


a  Follicle,    b  Hair,    e  Epidemus.    dd 
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the  suddenness  with  which  it  sometimes  changes  from  black  to  grey,  and 
which  is  at  present  quite  unaccounted  for. 

Another  of  the  points  of  difference  between  one  of  the  great  sections  of 
the  races  of  mankind  and  the  rest  is  the  position  of  the  eyelids.  In  most  of 
the,  fair  races,  and  also  of  the  black  ones,  the  upper  and  lower  eyelids 
will  meet  on  a  line  drawn  at  right  angles  with  one  passing  through  the  chin 
and  nose,  as  seen  in  the  eye  at  Fig,  6, 

In  the  inner  comer  of  such  eyes,  the  lachrymal  eland — the  organ  which 
is  constantly  secreting  the  fluid  which  lubricates  Ae  ball  of  the  eye — can 
be  seen  when  the  eye  is  open. 

In  those  races,  however,  which  are  called  Mongolian,  and  of  which  we 
may  give  the  Chinese  and  Kalmucks  as  examples,  we  find  that  the  lids  of 
the  eye  do  not  close  upon  a  straight  line,  but  that 
they  are  obUquey  as  seen  in  Figs.  7  and  8.  The 
reason  of  this  difference  consists  m  the  upper  eye- 
lid of  tiiese  races  being  larger  and  more  ample,  so 
as  fully  to  cover  up  the  lachrymal  apparatus, 
which  is  to  a  greater  or  less  extent  exposed  in  the 
black  and  white  races.  This  gives  to  the  eye  a 
dull  and  heavy  appearance,  and  also  serves  to 
render  the  eye  apparently  smaller.  This  condi- 
tion of  the  eye  has  been  observed  in  some  of  the 
lower  animals,  and  it  has  been  supposed  to  be  a  provision  of  nature  for  pro- 
tecting the  lachrymal  apparatus  from  the  effects  of  cold  in  rigorous  climates. 
Another  peculiarity  in  connection  with  the  eye  is  its  colour.  That  part 
of  the  structure  of  the  eye  which  gives  to  it  its  peculiar  structure  is  a 
membranous  veil,  called  the  iris,  which  has  a 

power  of  con- 
tracting and  ex- 
panding, thus 
affecting  the 
size  of  me  aper- 
ture, which  we 
call  the  pupil. 
The  cause  of  the 
colours  which 
this  membrane 

assumes  is  the  ^^'      ' 

same  as  that  which  produces  the  colour 
of  the  hair  and  the  skin ;  and  we  find 
that,  as  a  rule,  where  the  skin  is  darkest 
there  also  the  eyes  are  darkest.  Figment 
cells  ave,  however,  always  deposited  in 
the  iris  in  all  races,  but  it  is  only  among 
the  fair-skinned  nations  that  we  find  the 
lighter  colours  of  blue  and  grey  prevail" 
Fig.  9.t  ing. 


•  Chinese  eye. 
'  t  Skull  of  an  Esqtumaux:— « 
d  Upp«r  jaw.   e  e  Parietal  bones. 


t  Kalmuck  eye. 
a  Occipital  bone,   b  Foramen  magnum,    e  Zygoma. 
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Amoiu^t  the  points  of  structure  which  differ  in  the  various  raoes  of  men, 
and  produce  obvioiis  external  differences,  there  are  none  more  decided  tium 
those  depending  on  the  form  of  the  bones  of  the  skull.  The  difSerenees 
in  the  general  form  of  the  skull  which  occur  may  be  seen  by  comparing 
the  Negro  skull  (Fig.  3,  p.  359)  with  the  skull  of  the  skeleton  (Kg.  1, 
p.  355).  The  parts  in  which  the  skull  of  the  European  most  differs  nom 
that  of  the  black  races  are  those  which  form  the  upper  jaw.  In  the  bkok 
races,  as  in  Fig.  3,  the  upper  jaw  projects,  and  the  lower  jaw  is  brought 
on  a  level  with  it,  so  that  the  mouth  forms  a  kind  of  muzzle.  The  teeth 
are,  in  this  case,  oblique,  and,  in  such  case,  the  skull  is  said  to  be  pr^ 
gnaihk.  When,  however,  the  teeth  are  on  a  line  with  the  bone  of  the  nose, 
and  the  upper  and  lower  law  nearly  per- 
pendicular with  the  lower  edge  of  the  frontal 
bone,  then  the  skull  is  termSi  orthognathic. 

Another  point  of  importance  is  the 
general  shape  of  the  head,  arising  from  the 
greater  or  less  projection  of  the  parietal 
bones  (Figs.  8  and  9,  e  c).  In  the  skulls  of 
some  nations,  as  in  the  Esquimaux  (Fig.  9), 
these  bones  ai-e  remarkably  depressed,  at 
the  same  time  the  zygoma,  c  c,  are  large : 
thus  the  head  is  narrowed,  and  the  face 
made  broad.  Such  heads  are  termed  dolt- 
Jchokephalicj  or  long-headed,  whilst  those 
in  wnich  the  parietal  bones  project  are  • 
hrakhykcpliaUc,  or  short-headed.  Although 
such  ferms  of  the  skull  characterize  great 
groups  of  men,  yet  individuals  are  found 
amongst  all  raoes  in  which  one  or  other 
form  may  predominate  over  the  prevalent 
one. 

The  other  parts  of  the  skull  which  are  liable  to  diflGerences  are  the  bom^s 
of  tiie  noee,  which  are  flat  in  some  races,  and  prominent  in  odiers;  the 
cheek-bones,  which  are  either  projecting  or  not;  and  the  £rontal  bones, 
which  are  moxe  or  less  advanced  over  tiie  face  in  different  races  of  men. 


CHAPTER  V. 

ON  THE  STBTTCnrfiAL   AND    OTHEB   PECULLAJRITIES   IN   THB   EA.CES   OF    MEN 

ALTHOuaH  the  colour  of  the  skin,  character  of  the  hair,  and  form  of  the 
eye  are  amongst  the  most  obvious  differences  in  the  races  of  man  kind,  it  is 
not  on  these  points  tbsit  the  strongest  characters  by  which  one  r  aoe  can  be 
distinguished  from  another  are  fomided. 

In  the  last  chapter  we  referred  to  the  structure  of  the  bones,  more 
especially  those  of  the  head,  as  affording  important  indications  of  the  dif- 
ferences between  the  various  races  of  men.  Accordingly,  we  fin  d  that  Dr. 
Prichard  has  pointed  out  three  great  groups  of  men,  which  may  be  dis- 
tinguished by  the  form  of  their  head. 

*  Skull  of  a  Frenchman.    Parts  the  same  as  in  Fig.  9. 
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The  first  ^up  aze  characterized  hy  the  symmetrical  or  oval  form  of  the 
head.  In  iSna  group  the  skull  has  projectmg  parietal  bones,  so  that  the 
head  is  rounder  than  in  the  others.  The  upper  jaw-bones  and  the  zygomatic 
arches  (Fig.  10,  c  cj  are  so  placed  in  relation  to  each  other  as  to  give  the  face 
an  oval  fomu  In  tnese  heads  the  forehead  projects,  and  is  on  the  same  plane 
-with  the  bones  of  the  face,  or,  at  any  rate,  there  is  no  obvious  projection  of 
the  lower  ports  of  the  faooi  the  facial  angle,  as  it  iii  called,  being  ^eater  in 
this  group  than  in  the  others.  There  is  no  lateral  or  outward  projection  of 
the  cheek-bones  ;  and  this  teeth  are  so  placed  in  the  upper  and  lower  jaws 
that  they  are  almost  perpendicular.  It  will  be  seen  that  this  description 
will  apply  very  well  to  the  skull  we  have  referred  to  as  an  example  of  the 
brakhykephalio  form  (Fig.  10),  and  which  is  that  of  a  Frenchman.  The 
people  who,  according  to  Prichard,  have  this  form  of  head,  are  met  with  in 
countries  from  the  Himalayan  Mountains  to  the  Indian  Ocean,  comprising 
all  Hindostan,  the  Deccan,  Persia,  and  Arabia.  It  also  includes  ti^e 
countries  of  the  north  of  Africa  and  the  whole  of  Europe.  The  structure  of 
the  skuU  and  bones  of  the  face  characterizing  this  and  other  groups  of  men 
communicates  very  marked  features  to  the  countenance.  In  this  first  group 
the  countenance  is  distinguished  by  smoothness  and  regularity  of  features, 
and  by  an  absence  of  prominence  in  any  one  part  disproportionate  to  the 
others.  The  lips  are  small  and  compressed,  the  chin  is  full  and  prominent, 
and  the  whole  face  is  of  a  regular  and  oval  form.  It  is  amongst  Euro- 
peans that  this  form  of  skuU  and  face  is  met  with  in  its  most  perfect  develop- 
ment ;  and  the  ancient  Greeks,  in  their 
sculpture,  have  realized  its  most  per- 
fect forms.  Such  heads,  however,  do 
not  exist  only  in  sculpture,  as  living 
specimens  are  constantly  met  wit£ 
equalling  in  their  propcnrtions  those  of 
the  Greek  artists;  and  Blumenbach 
has  described  a  skull  in  his  possession 
which  in  its  stmotoie  he  regarded  as 
being  as  perfect  as  any  to  be  found 
amongst  Greek  statues.  As  an  example 
of  this  form  of  head  and  &ce,  not  be- 
longing to  the  highest  types,  we  may 
give  the  Abyssinian  (Fig.  11). 

The  second  form  of  the  head  is 
narrow  and  elongated.  When  these 
heads  are  examined,  they  give  the  im- 
pression of  being  compressed  on  each 
side.  The  zygomatic  processes  do  not 
project  laterauy,  but  forwards.  The 
cheek-bones  and  upper  jaw  project 
forward,  not  outwards ;  and  the  teeth 
Fig.  11.  are  not  vertical,  having  an  oblique 

direction   in  the  jaws.      The    facial 
angle  has  its  lowest  development  in  this  form  of  the  skull.    This  shape  of 
head  is  found  in  the  Kegroes,  the  Alfouros,  the  Papuas,  New  Zealandcrs, 
and  Australians  (Fig.  12). 
The  countenance  in  these  cases  is  the  least  pleasant  of  those  of  any  of  the 
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Fig.  12. 


groups  of  whidi  we  are  now  speaking.  The  projection  of  the  bones  oonstitiding 

the  lower  parts  of  the  face  gives  to  the  expression  an  animal  and  somewhat 

ferocious  character.    The  forehead  also 

retires  in  these  cases — ^the  lips  are  thick 

and  protruding — ^the  nose  is  not  pro- 
portionately developed,  the  upper  part 

being  compressed,  and  the  nostrils  wide 

and  expanded.     Such  are  some  of  the 

features  which  belong  to  the  narrow  and 

elongated    head,   and    which    all    have 

agreed    constitute    the    least   beautiful 

form  of  head  belonging  to  the  human 

race. 
The  third  variety  of  head,  called  the 

square,    broad-facedj   or  pyramidal,    is 

formed  like  the  last,  as  far  as  the  shape 

of  the  back  part  of  the  head  is  con- 
cerned; but  it  differs  In  the  excessive 

outward  development  of  the  bones  of  the 

fsLoe,   so  that  the  face  forms  the  base 

of  a  cone  or  pyramid.      This  form  of 

the  skull  is  represented  in  that  of  the 

Esquimaux  (Fig.  9),  which  must,  how- 
ever, be   regarded  as  an    exaggerated 

type  of  the  group. 
ThepecuHarities  of  this  head  are  caused  by  the  projection  of  the  zygomatic 

processes  ana  cheek-bones  on  each 
side,  giving  great  breadth  to  tiie  face. 
The  sockets  of  the  eyes  are  generally 
large  and  deep  in  these  skulls;  whilst 
the  bones  of  the  nose,  and  the  space 
between  the  eyebrows,  are  on  a  level 
with  the  bones  of  the  cheek. 

Of  this  kind  of  head  the  Mongolian 
(Fig.  13)  may  be  taken  as  the  best 
example.  It  embraces  the  Esquimaux, 
the  primitive  Americans,  the  Hotten- 
tots, the  Finnish  nations  of  Europe, 
the  Chinese,  Indo-Clmiese,  the  Tun- 
gusians,  Japanese,  part  of  the  Tartar 
races,  and  others  of  the  northern 
Asiatic  nations. 

The  countenance  of  these  races 
differs  from  the  last  in  projecting  less, 
and  in  its  much  greater  width  from 
one  cheek  bone  to  another.  It  is  in 
these  races  that  the  obliquity  of  the 
eye  is  observed,  which  we  referred 
to  in  the  last  chapter.     The  nose  is 

depressed — the  lips  are  not  so  large  as  in  the  last  class,  nor  so  compressed 

as  in  the  first — the  chin  is  short. 


Fig.  13. 
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Although  the  races  of  men  have  been  thns  dassed  toother  according 
to  the  form  of  their  heads,  it  must  not  be  supposed  that  this  is  one  of  the  best 
ways  of  classifying  the  varieties  of  men.  In  natural  history  ^nerally  it 
is  always  dangerous  to  use  a  sinele  character  as  a  means  of  classuymg ;  as  the 
great  end  of  aH  classification — ^me  bringing  together  those  objects  which  most 
nearly  resemble  each  other,  and  the  separating  those  which  are  most 
unlike — ^is  often  thus  defeated.  In  speaking  presently  of  the  particular 
races  of  men,  we  shall  see  that  the  structure  of  the  head  is  an  miportant 
element  of  distinction  to  be  taken  into  consideration ;  but  there  are  other 
points,  such  as  the  nature  of  the  language  spoken,  habits  of  the  people,  and 
so  on,  which  must  assist  in  determining  the  relation  of  one  race  of  men  to . 
another.  In  fact,  we  have  no  single  character  that  will  serve  for  an  abso- 
lute distinction  between  closely-allied  races.  We  find  the  colour  of  the 
skin,  the  character  of  the  hair,  and  the  structural  peculiarities  of  the  head, 
gradually  passing  the  one  into  the  other,  in  such  a  way  that  it  is  only  by  put- 
ting all  the  circumstances  together  that  any  one  point  becomes  of  assistance. 

Although  we  have  not  mentioned  the  soft  parts  of  the  body,  such  as  the 
muscles  which  lie  over  the  bones,  as  having  any  modifications  in  different 
races,  yet  it  wiU  be  at  once  obvious  that  these  parts  must  difier  with  the 
harder  structure  on  which  they  rest ;  and  it  is  to  differences  in  their  form 
that  we  must  refer  the  variety  of  countenance  which  is  found  to  accompany 
the  particular  forms  of  skull. 

Other  parts  of  the  skeleton  have  been  examined  with  great  care,  for  the 
purpose  of  obtaining  structural  differences  between  the  varieties ;  but  none 
have  been  found  so  generallv  useful  as  those  of  the  head.  The  bones  of  the 
pelvis  (see  Fig.  1,  p.  355)  afford  considerable  varieties  of  form,  but  none  of 
these  are  sufficiently  constant  to  mark  the  characters  of  races.  The  shapes 
which  the  pelvis  assumes  have  been  divided  into  four  great  classes— the 
oval,  the  roimd,  the  square,  and  the  oblong.  Of  these  the  oval  form  is 
found  to  predominate  amongst  the  European  races — ^the  round  is  most  com- 
mon amongst  the  aboriginal  Americans — ^the  square  is  found  amongst  the 
Mongolians,  the  Chinese,  Turks,  Malays,  and  others — and  the  oblong  form 
in  the  AMcans.  Still,  each  of  these  forms  is  so  common  in  the  races  in 
which  one  particular  form  may  predomioate,  that  they  afford  but  slight  dis- 
tinguishing characters. 

Amongst  the  black  races  of  Africa  we  find  indications  of  structural 
differences  in  other  portions  of  the  skeleton  in  addition  to  the  head  and 
pelvis.  Thus  the  fore-arm  of  the  Negro,  in  proportion  to  his  upper  arm,  is 
longer  than  that  of  the  European.  The  feet  of  these  races  are  also  often 
turned  out,  arising  from  the  nearer  approach  of  the  knees.  This  is  often 
seen  amonest  Europeans,  and  is  regarded  as  a  deformity,  but  is  a  normal 
condition  of  the  structure  of  the  black  races.  In  addition  to  the  turning  out 
of  the  feet,  thev  are  often  fiat,  the  bone  of  the  heel  {os  calcis)  not  being 
arched,  as  in  tne  white  and  yellow  races,  but  lying  on  a  level  with  the  other 
bones  of  the  instep.  The  muscles  of  the  calf  of  the  leg  are  differently 
formed — the  larger  part  of  the  great  muscle,  the  gastrocnemius,  being 
situated  high  up,  near  to  the  hams,  at  the  back  of  the  leg.  These  have  been 
regarded  as  indications  of  degradation  amongst  the  African  races,  and 
approaches  towards  the  higher  forms  of  the  lower  animals ;  but  it  will  be 
seen  that  none  of  these  points  interfere  with  the  decided  differences  between 
man  and  the  monkey  tribes  to  which  we  have  before  alluded. 

Ik  -ft 
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A  point  of  difference  between  indiyidoals,  and  to  a  certain  extent  between 
races,  to  whiob  attention  oagbt  to  be  drawn,  is  stature.  The  statements 
whicb  were  so  frequently  made  in  old  books,  of  races  of  dwarfs  and  giants, 
seem  to,  be  disproved  bv  the  extensive  researches  of  modem  travellers.  It 
is  even  questionable  wnether  the  allusion  so  frequently  made  to  ^ants  in 
Scripture  did  not  refer  more  to  the  monstrous  moral  character  of  those  per- 
sons than  to  their  physical  stature.  Be  this  as  it  may,  there  is  no  doubt 
that  the  human  frame  is  subject  to  very  great  varieties  in  size,  and  that 
from  causes  which  are  not  at  present  well  understood^  It  does  not  appear 
that  these  departures  from  ordinary  size  occur  more  frequently  in  one  race 
than  in  another.  Of  course  we  are  better  acquainted  with  the  most  remark- 
able specimens  of  dwarfs  and  giants  that  have  occurred  in  Europe  than  we 
are  with  those  of  other  races.  The  most  remarkable  dwarf  that  has  been 
known  in  modem  times  is  the  small  American,  known  as  General  Tom 
Thumb.  This  diminutive  specimen  of  our  race  is  only  twenty-eight  inches 
in  height.  One  of  the  tallest  individuals  recently  known  was  Charles 
Byrne,  or  O'Brien,  an^  Irishman,  who  measured  eight  feet  and  a  quarter 
high,  and  whose  skeleton  is  now  to  be  seen  in  the  museum  of  the  Koyal 
College  of  Surgeons. 

There  are,  however,  races  which  are  distinguished  from  others  both  by 
the  smallness  and  largeness  of  their  stature.  It  has  been  the  exaggerated 
descriptions  of  these  people  which  have  given  rise  both  to  the  mis-statements 
of  sober  history  and  the  fables  of  tradition.  The  height  of  the  European 
races,  which  is  about  the  average  of  that  of  the  whde  family  of  man,  is 
from  four  feet  and  a  half  to  six  feet.  Various  circumstances,  however,  tend 
to  diminish  the  standard  of  height  in  a  nation  at  different  times.  Thus  it 
is  stated  that,  during  the  wars  of  Napoleon,  in  France  the  national  stature 
of  that  country  was  reduced  two  inches,  from  the  loss  of  life  amongst  the 
soldiers,  who  were  the  tallest  men  in  the  nation.  There  is,  however,  no 
reason  to  believe  that  man's  height  is  diminishing,  either  in  particular  races 
or  amongst  the  whole  of  mankind.  This  notion,  which  early  prevailed  in 
the  history  of  the  world,'  and  is  supported  with  great  earnestness  by  the 
Eoman  historian  Pliny,  seems  to  have  gained  ground  from  the  supposition 
that  the  bones  of  various  large  extinct  animals  were  those  of  men.  Thus  we 
iind  Buffon,  the  French  naturalist,  describing  bones  as  those  of  human 
beings,  which  were  subsequently  demonstrated  by  Daubenton  to  be  those  of 
elephants,  and  other  gigantic  animals  of  that  tribe.  So  far  from  any 
degeneration  in  size  going  on  in  our  own  race,  we  have  direct  proof  that 
such  is  not  the  case,  m  the  fact  that  the  iron  armour  which  is  preserved  to 
us,  and  which  belonged  to  the  warriors  of  former  times,  is  seldom  found  too 
large  for  the  men  of  the  present  day ;  whilst  the  prevalence  of  armour  too 
smaU  for  the  great  bulk  of  our  soldiers  leads  to  the  supposition  that  recentiy 
the  Anglo-Saxon  has  gained  upon  the  stature  of  his  ancestors. 

Of  races  in  which  the  stature  is  below  the  average  we  may  instance  the 
Hottentots,  amonfi^  whom  four  feet  is  the  average  height  of  the  female, 
and  four  and  a  half  feet  that  of  the  male.  The  Bushmen  are  of  even  smaller 
stature.  But  this  is  not  a  general  feature  of  the  races  of  Africa ;  for  we  find 
the  Kafiirs  a  strong  and  powerful  race,  with  an  average  height  as  great  as 
that  of  the  European.  We  observe  the  same  differences  amongst  the  races 
of  America.  The  Peruvians  in  the  south,  and  the  Esquimaux  in  the  north, 
are  of  diminutive  stature ;  whilst  the  Carribbees,  the  Cherokees,  and  more 
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especially  the  Patagonians,  usually  attain  a  greater  than  the  average  height. 
With  regard  to  the  Patagonians,  they  are  undoubtedly  a  tall  race  of  people, 
but  their  size  has  been  much  exaggerated.  Byron  gives  an  account  of  one 
whom  he  judged  to  be  seven  feet  in  height.  Bougainville  says,  **  Among 
those  whom  we  saw,  not  one  was  below  five  feet  ten  inches  and  a  quartet, 
nor  above  six  feet  two  inches  and  a  half  in  height."  It  is  curious  that  tiie 
Patagonians  should  be  accompanied  by  a  race — ^the  inhabitants  of  Terra  del 
Fuego — which  are  almost  as  much  below  the  average  stature  as  the  Pata- 
gonians are  above.  This  is,  however,  precisely  what  we  see  occurring  in  the 
Kafito  and  Bushmen  of  the  south  of  Africa. 

There  can  be  no  doubt  that  physical  power — ^that  is,  the  strength  possessed 
by  the  muscles — is  a  great  element  of  national  peculiarity.  This  subject 
has  not  been  much  studied;  but  there  is  a  popular  notion  that  physical 
power  diminishes  with  civilization ;  and,  at  any  rate,  it  might  be  supposed 
that  the  largest  races  would  be  the  strongest.  These  suppositions,  however, 
do  not  appear  to  be  correct.  The  only  direct  experiments  that  we  are  aware  . 
of  are  those  of  Peron,  who  performed  a  series  of  experiments  with  a  dyna- 
mometer* on  men  of  different  nations,  with  the  following  result  ir— 

Strength  of  the  Arms. 

EifogTB. 

dO.6 

50.8  10.2 

5H.7  11.6 

69.2  15.2 

71.4  16.3 


Natives  of 
Van  Diemen's  Land. 
New  Holland  .  .  .  - 

Timor 

France 

England 


Strength  of  the  Loin9, 
Eilogrs. 


There  can  be  no  doubt  that  the  regular  habits,  and  the  constant  supply  of 
good  nutritious  food  in  civilized  communities,  tend  greatly  to  maintain  the 
strength  of  their  inhabitants ;  whilst  we  must  allow  that  there  is  an  innate 
quality  of  muscle  which  cannot  be  judged  by  size,  on  which  its  power 
depends. 


CHAPTER  VI. 


ON  LANGUAGE  AS  A  MEANS    OF    DISTINCTION  BETWEEN  THE  KACES  OF 

MANKIND. 

It  has  only  been  within  these  last  few  years  that  the  imprtance  of  employ- 
ing the  language  spoken  by  man  has  been,  folly  appreciated  as  a  means  of 
affording  characters  by  which  the  classification  of  the  races  oi  men  might 
be  facilitated.  It  will  be,  however,  speedily  felt,  when  the  nature  of  lan- 
guage is  considered,  that,  if  properly  studied,  it  must  be  capable  of  throwing 
great  light  on  the  relation  that  exists  between  certain  races  and  nations. 
The  sreat  cause  that  has  retarded  the  application  of  the  study  of  language 
iu  this  direction  has  been  the  assumption  of  erroneous  views  with  regard  to 
the  derivation  and  origin  of  languages.    Thus,  to  take  an  example,  writers 

*  From  dwafitc,  power.    An  instmment  to  measure  strength. 
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on  the  English  lang^oage  have  constantly  assumed  that  onr  langnaffe  has 
been  derived  from  the  Latin  and  Ghreek,  on  the  one  hand,  and  the  CeTtio  or 
supposed  ancient  British  on  the  other.  It  never  occurred  to  the  old  etymo- 
logist to  inquire  whether  Latin,  Greek,  Celtic,  and  English  might  not  all 
have  been  derived  from  a  common  stock,  which  is  really  the  case ;  not  that 
we  have  not,  and  do  not  constantly  import  words  from  both  Latin  and 
Greek,  as  such  words  as  communicatey  invesHgate^  and  condemnatioUf  from  the 
former,  and  geology,  anatomy y  and  ethnology  from  the  latter,  fully  testify ; 
but  we  find  a  vast  number  of  words  in  Latm  and  Greek  which  correspond  as 
much  with  words  in  the  Sanscrit  and  Persian  as  they  do  with  the  English ; 
and  a  complete  investigation  of  the  subject  shows  that  the  English,  German, 
French,  Celtic,  Latin,  Greek,  Persian,  and  other  languages  are  but  branches 
of  a  common  root,  which  has  hitherto  been  traced  to  uie  Sanscrit. 

Another  obstruction  to  the  investigation  of  language,  and  tracing  its 
different  varieties  to  a  common  stock,  has  been  the  assumption  that  what 
is  recorded  in  the  Bible  of  the  confusion  of  tongues  that  took  place  at  the 
building  of  Babel  was  the  cause  of  all  the  varieties  of  language  on  the  face 
of  the  earth.  It  will,  however,  be  seen,  by  examining  the  tenth  chapter  of 
Genesis,  that  there  was  a  great  dispersion  of  the  children  of  Noah  before  the 
attempt  was  made  to  build  the  city  of  Babel,  and  that  whatever  the  confusion 
of  tongues  might  be— and  even  the  nature  of  this  is  doubted  by  theologians 
— ^it  coidd  only  have  been  confined  to  that  portion  of  the  human  race  who 
were  engaged  in  building  the  new  city. 

Althougn  modem  philologists  have  succeeded  in  tracing  cognate  languages 
to  certain  primitive  stocks,  thev  are  not  yet  in  a  position  to  demonstrate 
that  there  was  but  one  original  language,  or  what  was  the  probable  nature 
of  that  language.  We  shall  have  subsequently'  to  make  some  observations 
on  the  question,  as  to  whether  there  is  any  evidence  of  more  than  one  pair 
of  human  beings  having  been  created.  We  shall  then  find  that  the  demands 
of  science,  as  well  as  all  the  data  we  possess,  point  to  the  origin  of  t^e 
whole  human  race  from  one  pair.  If  this  be  the  case,  we  must  assume  an 
original  language,  or  at  least  such  modes  of  expression  as  would  originate  in 
a  common  famuy.  In  the  investigation  of  language,  however,  for  ethnolo- 
gical purposes,  we  are  not  allowed  to  assume  one  language,  and  trace  its 
roots  through  all  known  varieties  ;  but  we  proceed  from  particular  forms, 
and,  comparing  them  with  one  another,  ascend  or  pass  back  in  time  to  those 
that  were  earlier,  and  have  been  parents  of  the  first. 

This  process,  although  at  first  sight  it  might  appear  easy,  is  one  that  only 
can  be  pursued  according  to  the  special  laws  of  chan^  which  it  is  known 
words  in  passing  from  one  language  to  another  have  undergone.  It  appears 
that  as  long  as  a  language  is  unwritten,  it  is  subject  to  change ;  but  these 
changes,  although  they  go  on  more  or  less  quickly,  according  to  circum- 
stances, are  never  sudden,  violent,  or  arbitrary.  As  an  instance  of  the  kind 
of  change  that  takes  place,  we  may  quote  the  fact  that  in  the  Teutonic  lan- 
guages the  letter  c  of  the  Latin  is  almost  invariably  converted  into  A. 
Were  it  not  for  a  knowledge  of  this  fact,  an  inquirer  would  find  it  difficult 
to  discover  in  the  Latin  word  cor  the  analogue  of  our  word  heart ;  yet  when 
we  call  to  mind  the  regularity  of  the  conversion,  the  little  importance  of  the 
vowels  in  all  spoken  lauguages,  we  shall  see  that  the  r  with  its  preceding 
letter  constitutes  the  true  root  of  the  word.  This  brings  us  to  another  point 
in  the  study  of  words,  and  that  is,  that  for  the  sake  of  denoting  a  relation- 
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sliip,  letters  and  syllables  are  either  placed  after  or  before  certain  words, 
called  prefixes  and  affixes,  and,,  in  order  to  discorer  the  root  of  these  words, 
it  is  necessary  to  separate  such  additions.  In  such  Latin  nominatives  as 
cani'8  andlupU'Sy  and  accusatives,  as  cane-m  and  iupu-m,  the  last  letters,  s 
and  m,  are  no  essential  parts  of  the  word,  but  indicate  the  relations  of  the 
word  to  which  they  are  attached  to  other  words  in  a  sentence.  So  with  such 
words  as  am-a-bam,  mon-e-ham,  audi-e-bam,  the  syllables  ba,  or  eba,  are 
the  sign  of  the  past  imperfect  tense,  whilst  the  letter  m  is  the  sign  of  the 
person  or  pronoun  /.  The  root  of  the  nouns,  then,  in  these  cases,  must  be 
sought  in  the  words  cam  and  lupu  in  the  nouns,  and  ama,  mon,  and  audi 
amongst  the  verbs.  As  illustrations  amongst  the  adjectives  we  may  take 
such  words  as  gracilis,  similis,  docilis,  iitiiis,  in  which  His  is  evidently  the 
sign  of  the  adjective,  and  the  root  is  to  be  found  in  the  words  grac-^  sim^, 
doc',  and  ut-. 

We  must  not,  however,  give  a  lecture  upon  language  ;  our  object  is  to 
illustrate  the  mode  in  which  injjuiries  into  language  have  been  pursued,  and 
have  thus  assisted  in  the  grouping  of  the  varieties  of  men  togemer  upon  the 
almost  infallible  ground  that  the  same  race  will  speak  the  same  language, 
and  that  related  races  will  have  related  languages. 

In  the  ascertaining  the  relation  of  languages  to  each  other  there  are  three 
principal  methods  hy  which  the  relation  between  the  different  words  that 
compose  a  sentence  is  indicated.  Of  these  three  different  methods  the 
Chinese,  the  English,  and  the  Latin  and  Greek  may  be  taken  as  examples. 
In  referring  to  the  roots  of  words  in  Latin,  we  spoke  of  the  prefixes  and 
affixes  which  altered  their  form,  and  this  mode  of  expressing  the  relation  of 
words  in  a  language  is  characteristic  of  the  Latin  ana  Greek  languages,  and 
is  called  the  classical  method.  The  words  added  are  called  inflections,  and 
such  languages  inflectional.  In  such  a  proposition  as  te-tig-i  homin^emy 
the  em  in  the  last  word  indicates  the  relation  between  the  object  (the  man 
touched),  and  the  action  exjjressedby  the  verb  tetigi,  i.e.,  of  touching.  In 
the  verb  the  te  denotes  the  time,  the  i  the  agent. 

Now,  although  the  English  language  has  inflections,  as  is  seen  in  such 
words  as  sisters,  touch-ea,  lov^ed,  yet,  as  a  lan^age,  it  may  be  regarded, 
in  contrast  with  the  classical  languages,  as  non-infiectional.  Thus,  instead 
of  saying  tetigi,  we  say,  /  have  touched,  and  instead  of  homin-i  we  say,  to 
a  man. 

The  Chinese  resembles  the  English  language  in  this  respect,  that  it  has  a 
separate  word  to  express  relations  and  obiects,  and  is  thus  non- inflectional. 
The  great  difference,  however,  between  me  EngHsh  and  Chinese  languages 
is  this — ^that  the  English  has  lost  inflections  which  it  once  had,  whilst  the 
Chinese  has  never  acquired  inflections.  This  produces  a  great  difference 
between  the  two  languages,  as,  in  passing  through  the  conoition  of  an  in- 
flectional language,  the  English  has  acquired  certain  abstract  terms  which 
are  not  found  in  the  Chinese.  Thus  when  we  should  say,  **I  go  to  London," 
the  Clunese  would  say,  "  Igo  cnrf  London."  They  have  no  preposition  indi- 
cating direction.  Instead  of  saying,  **  The  sun  shines  through  the  air,"  the 
.  Chinese  sajr,  "  The  sun  shxaes  passage  air,"  and  so  on. 

In  addition  to  these  three  kinds  of  language,  we  have  another.  Instead 
of  the  inflections  being  merely  letters  or  syllables  added  to  denote  relation- 
ship, they  are  sometimes  two  words ;  so  toat  inflection  is  developed  as  the 
result  of  juxtaposition  or  composition. 
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By  these  methods  we  can  arrange  all  languages  under  the  four  fbllbwing 
heads  :-r- 

1.  Aptotic  (from  a,  not,  and  ptosis^  a  case).  Languages  without  inlLec* 
tions,  and  monosyllabic,  as  the  Chinese. 

2.  Agglutinate,  Languages  which  are  inflectional,  but  which  have  become 
80  from  the  juxtaposition  or  composition  of  different  words. 

3.  Amalgamate,  Languages  with  inflections,  which  cannot  be  shown  to 
have  originated  in  separate  and  independent  words. 

4.  Anaptotic  (from  awfl,  back,  and  ptosis,  a  case).  Languages  which^ 
like  the  English,  once  possessed  inflections,  but  have  fallen  back  from,  or 
lost  them. 

In  referring  to  language  in  our  subsequent  remarks,  it  will  be  of  great 
advantage  to  make  use  of  these  terms  as  expressive  of  the  form  which  any 
particular  language  assumes  at  the  present  day  amongst  the  races  of  whom 
we  have  to  speak. 


CHAPTER  VII. 

ON  THE  TJIOTY  OF  THE  HUMAN  FAMILT. 

Befobe  we  speak  of  the  races  or  families  of  men  as  they  have  been  described 
and  classified  by  ethnologists,  we  must  say  a  few  words  on  the  subject  of 
the  heading  of  this  chapter.  To  use  the  language  of  an  eloquent  writer, 
**  Doe&theBosjesman,  who  lives  in  holes  and  caves,  and  devours  ants'  eggs, 
locusts,  and  snakes,  belong  to  the  same  species  as  the  men  who  luxuriated 
in  the  Hanging  Gardens  of  Babylon — or  walked  the  olive  grove  of  Academe 
— or  sat  enthroned  in  the  imperial  homes  of  the  CsDsars — or  reposed  in  the 
marble  palaces  of  the  Adriatic — or  held  sumptuous  festivals  in  the  piy 
salons  of  Versailles  ?  Can  the  grovelling  Wawa,  prostrate  before  his  Fetish,, 
claim  a  community  of  origin  with  those  whose  refifi^ous  sentiments  inspired 
them  to  pile  the  prodigious  temples  of  Thebes  and  MeYnphis — ^to  carve  the 
friezes  of  the  Parthenon — or  to  raise  the  heaven-pointed  arches  of  Cologne  ? 
That  ignorant  Ibo,  muttering  his  all  but  inarticidate  prayer — ^is  he  of  the 
same  ultimate  ancestry  as  those  who  sang  deathless  strains  in  honour  of 
Olympian  Jove,  or  of  rallas  Athen^ — or  of  those  who,  in  a  purer  worship, 
are  chanting  their  glorious  hymns  or  solemn  litanies  in  the  churches  of 
Christendom?  That  Alfouro  wonian,  with  her  flattened  face,  transverse 
nostrils,  thick  lips,  wide  mouth,  projecting  teeth,  eyes  half  closed  by  the 
loose  swollen  upper  eyelids,  ears  circular,  pendulous,  and  flapping,  the  hue 
of  her  skin  of  a  smoky  black,  and  (by  way  of  ornament !)  the  septum  of  her 
nose  pierced  with  a  round  stick,  some  inches  long— is  she  of  the  same 
original  parentage  as  those  whose  transcendent  and  perilous  beauty  brought 
unnumbered  woes  on  the  people  of  ancient  story,  convulsed  kingdoms,  en- 
tranced poets,  and  made  scholars  and  sages  forget  their  wisdom  ?  Bid  they 
all  spring  from  one  common  mother  ?  Were  Helen  of  Greece,  and  Cleopatra  . 
of  Egypt,  and  Joanna  of  Arra^on,  and  Kosamond  of  England,  and  Mary  of 
SootUnd,  and  the  Eloises,  and  Lauras,  and  lanthes — ^were  all  these,  and  our 
poor  Alfouro,  daughters  of  her  who  was  fairer  than  any  of  them — Eve  ?  The 
Uuaigua,  or  Baboo,  whose  language  is  described  as  oonirigting  of  certain 
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snapping,  hissing,  grunting  sounds — all  more  or  less  nasal — ^is  lie,  too,  of 
the  same  descent  as  those  whose  eloquent  voices  *  fulmined  over  Greece,*  or 
shook  the  forum  of  Rome — or  as  that  saint  and  father  of  the  Church,  sui- 
named  the  *  golden-mouthed ' — or  as  those  whose  accents  have  thrilled  all 
hearts  with  indignation,  or  melted  them  with  pity  and  ruth,  in  the  time- 
honoured  halls  of  Westminster  ?" 

Some  persons  very  speedily,  and  satisfactorily  to  themselves,  settle  this 
question  hy  reference  to  the  authority  of  Scripture,  in  which  they  imagine 
we  have  an  undouhted  record  of  the  creation  of  a  single  human  pair,  ^m 
whom  all  the  race  has  sprung.  We  have  already  had  occasion  to  state  that 
the  object  of  the  Bible  was  evidently  to  reveal  spiritual  truths  to  man,  and 
not  to  record  scientific  facts ;  and  consequently,  where  the  apparent  inter- 
pretation of  Scripture  and  well-observed  facts  are  at  variance,  we  must  seek 
by  patient  inquiry  to  reconcile  the  discrepancy.  By  this  process  it  will  be 
found  that  sometimes  our  interpretation  of  Scripture  is  incorrect,  and 
sometimes  the  supposed  facts  of  science.  It  is  certain,  from  all  that  has 
taken  place,  that  no  lover  of  the  Bible  need  be  alarmed  for  its  authority, 
and  that  no  lover  of  science  will  feel  that  the  Bible  is  an  obstructive  of 
truth.  In  the  question  before  us  we  find  an  illustration.  We  think  there 
can  be  little  doubt  on  the  minds  of  those  who  read  candidly  the  narrative  of 
the  first  appearance  of  man  on  the  earth  in  the  Bible,  and  the  subsequent 
connection  of  many  of  the  religious  doctrines  of  the  Old  and  New  Testament 
with  that  narrative,  that  the  whole  would  leave  the  impression  that  the 
human  family  had  its  origin  in  a  single  pair.  This  inference  has,  however^ 
been  controverted ;  and  we  find  Professor  Agassiz  giving  the  sanction  of  his 
very  distinguished  authority  to  the  theory  that  there  have  been  several 
origins  or  first  parents  of  the  human  race ;  and,  endeavouring  to  reconcile 
this  theory  with  Scripture,  he  points  to  those  passages  in  the  early  parts  of 
the  sacrea  record  in  which  the  **  sons  of  God  '  are  spoken  of  in  contradis- 
tinction to  "the  daughters  of  men;"  the  latter  being  regarded  as  the 
children  of  races  distinct  from  those  of  Adam.  But  the  weiffht  of  criticism, 
entirely  independent  of  theological  views,  is  sufficient  to  demonstrate  the 
unsoundness  of  the  support  that  Professor  Agassiz  seeks  for  his  theory  from 
the  Bible ;  and  we  shall  find  that  the  result  of  scientific  inquiries  on  this 
subject,  as  one  connected  with  the  natural  history  of  the  himuin  race,  is  in 
favour  of  man  belonging  to  one  species. 

But  here  we  must  stop  to  inquire  what  is  meant  by  the  word  "  species ;" 
and  as  it  so  frequently  occurs  in  natural  history,  our  readers  may  not  be 
unwilling  to  enter  upon  the  inquiry  as  to  its  import.  Many  are  the  defini- 
tions given  of  this  word.  "  A  species,"  says  one  writer,  **  is  a  collection 
of  individuals  which  resemble  one  another  more  than  they  resemble  any- 
thing else."  Cuvier  defines  a  species  to  be  "  the  collection  of  all  the  beings 
descended  the  one  from  the  oilier,  or  from  common  parents,  and  of  those 
which  bear  as  close  a  resemblance  to  these  as  they  bear  to  each  other."  De 
Candolle  says  a  species  is  "  all  those  individuals  which  mutually  bear  to 
each  other  so  close  a  resemblance  as  to  allow  of  our  supposing  that  they  may 
have  proceeded  originally  from  a  single  bein^  or  a  single  pair."  In  these 
definitions  we  see  that  there  are  two  leading  ideas  that  go  to  make  up  our 
notion  of  a  species.  First,  the  resemblaftce  of  objects  one  to  the  other ;  and 
secondly,  their  descent  from  a  single  being  or  a  single  pair.  It  will,  however, 
be  very  obvious,  on  a  little  reflection,  tluit  either  or  both  of  these  ideas  are 
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adopted  as  convenience  suits,  when  the  question  of  a  particular  plant  or 
animal  being  a  species  or  not  is  discussed.  Thus,  with  regard  to  plants, 
the  question  of  descent  is  seldom  raised  amongst  botanists ;  and  the  thirty 
or  forty  thousand  plants  that  have  been  described  and  named  have  been 
regarded  only  in  the  point  of  the  resemblance  of  their  characters.  Kesem- 
blance  alone,  however,  is  quite  insufficient  to  establish  firmly  a  species,  as 
there  must  always  be  a  discussion  as  to  the  amount  of  resemblance,  or  the 
number  of  similar  characters,  which  shall  constitute  a  species ;  and  thus  the 
number  of  species  would  always  vary,  according  to  the  opinions  of  an  indi- 
vidual naturalist.  And  this  has  really  been  the  case  in  those  departments 
of  natural  history  where  resemblance  alone  has  been  the  guide  to  the 
determination  and  description  of  species.  Thus  we  find  that  those  zoologists 
who  have  set  aside  the  iaea  of  descent  have  proceeded  to  divide  into  species 
the  difierent  forms  which  the  domestic  cat  and  dog  assume ;  and  in  this  way 
they  might  go  on  refining  till  individuals  were  called  species,  and  the  word 
would  cease  to  be  a  collective  one.  It  is  in  this  spirit,  and  with  this  notion 
of  a  species,  that  many  writers  have  examined  the  human  family,  and  find- 
ing that  by  certain  characters  of  resemblance  they  could  bring  together 
coUections  of  individuals,  they  have  not  hesitated  to  call  these  groups 
species. 

Such  an  idea  of  species,  it  must  be  evident,  would  lead  to  endless  diffi- 
culties in  science ;  and  since,  in  the  populai  use  of  the  word,  the  idea  of 
descent  from  a  common  parent  is  always  involved,  it  is  necessary  that  this 
meaning  be  constantly  attached  to  its  employment.  The  objection  that  has 
been  raised  to  this  use  of  the  word  is,  that  the  origin  of  a  species  in  a  single 
being  or  a  single  pair  must  be  hypothetical,  as  no  one  coidd  witness  the 
creation  of  a  plant  or  animal  to  describe  it  as  a  fact.  It  is,  however,  very 
evident,  that  if  we  abandon  the  theory  of  the  transmutation  of  one  species 
of  animal  into  another,  which  we  have  previously  seen  to  be  utterly  untena- 
ble, we  must  adopt  the  theory  that  the  collections  of  individuals,  which  we 
call  species,  have  originated  with  one  being  or  one  pair,  or  with  many  beings 
or  many  pairs.  "We  cannot  enter  at  length  into  the  discussion  of  tlus 
question ;  but  we  may  just  allude  to  the  fact,  that  Professor  Aeassiz  adopts 
tne  notion  that  in  the  creation  of  all  plants  and  animals,  including  man, 
several  individuals  or  pairs,  as  the  case  may  be,  were  created  identically 
alike,  and  distributed  over  the  surface  of  the  earth.  He  thus  maintains 
that  although  man  has  no  unity  of  descent  from  common  parents,  he  yet 
has  a  unity  of  nature,  which  is  a  far  higher  bond  than  any  conferred  by 
descent. 

Although  Professor  Agassiz  thus  contends  for  the  multiplicate  origin  of 
the  human  race,  he  does  not  maintain  that  man  is  of  several  species.  But 
there  are  reasons  which  compel  us  to  adopt  the  hypothesis  of  the  origination 
of  all  species  in  a  single  being  or  single  pair,  as  the  only  rational  explana- 
tion of  the  phenomena  of  creation.  If  we  suppose  tnat  more  than  one 
individual  or  pair  of  every  plant  or  animal  were  created,  we  can  set  no 
limits  to  the  time  in  which  they  were  produced ;  and  the  evidence  which 
we  have  of  the  particular  a&es  of  the  strata  of  the  earth,  from  the  animal 
remains  they  contain,  would  thus  entirely  fall  to  the  ground.  To  give  an 
example,  we  may  take  the  fossil  called  a  Trilobite,  which  is  found  in  the 
Silurian  rocks  of  England.  These  rocks  are  known  to  be  the  oldest  in  the 
series  of  strata  of  the  earth ;  and  in  reliance  upon  the  fact  that  the  identioal 
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creatures  which  have  been  produced  in  one  period  of  the  earth's  history  are 
not  reproduced  in  another,  the  geologist  concludes  that  all  rooks  with  trilo- 
bites,  identical  with  those  in  the  English  beds,  belong  to  the  same  period, 
and  are  of  the  same  age.  Now,  the  supposition  that  several  individuals  of 
the  same  form  were  produced  at  different  periods  of  the  earth's  history 
would  at  once  upset  all  these  conclusions. 

Nor  are  there  any  facts  in  the  distribution  of  plants  or  animals  on  the 
surface  of  the  earth,  or  in  the  waters  of  the  ocean,  that  cannot  be  accounted 
for  on  the  supposition  that  all  species  of  plants  and  animals  have  originated 
with  individuals  or  pairs,  which  have  radiated  from  the  spot  where  they 
were  created,  as  from  a  centre,  although  some  of  them  are  most  widely 
distributed  over  the  inhabited  globe.  For  the  researches  which  demonstrate 
the  possibility  of  the  most  widely  distributed  species  of  plants  and  animals 
having  proceeded  from  a  common  centre,  the  world  is  deeply  indebted  to 
Professor  Edward  Forbes. 

If,  then,  this  hypothesis  is  found  to  be  necessary  to  the  maintenance  of 
the  first  principles  of  some  branches  of  science,  on  the  one  hand,  and  that 
no  objection  can  be  raised  against  it,  as  not  explaining  the  phenomena  of  the 
distrioution  of  plants  and  animals  on  the  surface  of  the  earth,  on  the  other, 
we  must  admit  it  as  an  inferential  fact,  which  may  be  confirmed  by  other 
observations.  Whatever  evidence,  then,  we  have,  either  through  history  or 
tradition,  of  the  descent  of  man  from  a  single  pair,  afibrds  support  to  the 
theory  of  the  individual  origin  of  all  species. 

Taking,  then,  the  two  ideas  of  resemblance  and  descent  as  necessary  to 
the  use  of  the  word  species,  we  shall  be  better  able  to  understand  and 
answer  the  question  as  to  whether  all  human  beings  are  of  one  species.  In 
order  to  do  this  we  must  ask  two  other  questions.  The  first  is — Are  the 
characters  afiforded  by  the  fjomilies  of  mankind  of  such  a  kind  as  to  present 
no  obstacle  to  their  being  regarded  as  the  offspring  of  common  parents  ? 
And  the  second — What  is  the  evidence  to  prove  that  the  present  families 
of  men  have  been  derived  &om  a  single  pair  P  To  answer  these  ques- 
tions fully  would  take  us  over  a  very  wide  field,  and  we  will  only 
simply  indicate  here  the  direction  which  inquiry  should  take  in  order  to  be 
satisfactory. 

With  regard  to  the  first  question,  the  point  that  naturally  suggests  itself  is 
as  to  whether  we  have,  in  the  history  of  the  animal  kingdom,  any  evidence 
that  creatures  known  to  have  been  derived  from  common  parents  vary  as 
much  among  themselves  as  the  various  races  of  men.  Here  we  are  at  once 
met  by  a  number  of  cases  in  point.  Let  us  take  the  dog  as  an  example. 
There  is  probably  as  much  difference  in  mental  character  and  physical  ap- 
pearance between  the  Italian  greyhound  and  the  Newfoundland  dog,  as 
between  the  Australian  and  the  European ;  yet  all  the  evidence,  as  far  as  it 
has  been  collected,  goes  to  prove  that  all  dogs  have  had  a  common  origin. 
Whether  that  origin  be  the  wolf,  or  a  dog  that  was  originally  wild,  and  is 
now  lost  in  its  domesticated  descendants,  is  not  the  question,  llie  known 
changes  which  have  been  produced  in  the  breeds  of  dogs  in  a  few  cen- 
turies warrant  the  conclusion  that  they  are  all  descended  from  common 
parents.  Guvier  once  said  that  if  we  were  to  admit  that  the  present 
varieties  of  the  dog  were  permanent,  and  had  different  descents,  you  would 
have  to  admit  no  less  than  fif^  species  of  dog. 

What  is  true  of  tha  dog  is  also  true  of  the  swine.    In  the  case  of  the  hog 
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thfi  eyidence  is  positively  even  more  conclusive,  as  amongst  the  farmers  of 
this  oonntiy  tibds  creature  has  undergone  such  changes  through  hreeding  as 
to  constitute  between  some  varieties  a  much  greater  anatomical  difference 
than  exists  between  the  races  of  men.  Bome  swine  have  solid  hoofs,  as 
those  of  Hungary  and  Sweden ;  others  have  five  toes,  each  with  its  own 
hoof;  and  there  is  another  race  with  toes  half  a  span  long.  The  wild  hogs 
of  America  speedily  acquire  the  characters  of  the  wild  boar  in  Europe ; 
whilst  their  backs  assume  every  shade  of  black  and  white,  and  their  hair  every 
variety,  from  the  strong  pointed  bristle  to  a  wooUiness  almost  approaching 
the  sheep. 

The  studv  of  the  varieties  of  the  ox,  the  horse,  the  sheep,  the  goat,  the 
cat,  the  rabbit,  would  afford  abundant  evidence  that  differences  as  great  as 
those  observed  amongst  the  races  of  men  actually  occur  amongst  animals. 

Another  important  class  of  facts,  in  determming  the  question  we  have 
proposed,  is  that  which  shows  that  certain  external  influeoces,  such  as  heat, 
moisture,  Ught,  food,  and  habits,  are  capable  of  producing  effects  upon  the 
physical  condition  of  man  which  would  render  it  probable  that,  in  liie 
course  of  centuries,  the  decided  dbfferences  which  we  hnd  now  to  exist  might 
have  been  produced.  The  study  of  this  class  of  facts  has  led  to  conclusions 
entirely  favourable  to  a  unity  of  species  in  the  human  race. 

With  regard  to  the  answers  to  the  second  question  we  have  propounded, 
we  have  before  alluded  to  the  evidence  a&rded  by  the  account  of  the 
creation  of  man  in  the  Bible.  In  addition  to  this  evidence,  we  have  the 
traditions  which  exist  amongst  various  races  of  a  descent  of  all  from  a  single 
pair.  Again,  the  evidence  afforded  by  the  study  of  the  languages  of  man- 
kind is  increasingly  in  favour  of  the  notion,  that  all  languages  are  derived, 
from  a  common  stock,  and  every  day  is  producing  fresh  evidence  to  this 
effect.  How  confirmatory  this  is  of  the  view  of  the  origin  of  the  human 
race  in  a  single  pair  we  need  not  dwell  upon  here,  after  what  we  have 
already  said. 

In  concluding  this  part  of  the  subject  we  would  say  that  we  have  rather 
aimed  at  assisting  inquiry  into  it  than  deciding  upon  it.  We  feel,  how- 
ever, compelled  to  add,  that  we  think  the  weight  of  evidence  is  in  favour  of 
the  view  that  the  human  race  constitutes  but  one  species,  and  that  God 
"  hath  made  of  one  blood  all  nations  of  men." 


CHAPTER  Vni. 


ON  THE  VAKEETIES  OF  MEN. 


In  the  preceding  chapter  reasons  have  been  given  for  the  belief  that  all  the 
various  races  and  nations  of  men  constitute  but  one  species,  and  that  they 
are  all  derived  from  a  common  stock  or  pair.  A  question  has  often  arisen 
as  to  which  of  the  types  or  forms  that  man  is  now  found  to  assume  most 
nearly  resembles  the  original  stock.    In  other  words,  what  axe  the  physical 
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features  that  distinguished  the  first  man  and  woman,  the  parents  of  oxir 
race  ?  This  question  might  appear  to  admit  of  easy  solution  by  referring 
to  the  features  which  at  present  distinguish  the  races  that  inhabit  those 
parts  of  the  world  in  which  man  was  first  created.  But  could  we  be  certain 
of  the  exact  spot  in  which  man  was  first  placed,  it  would  be  dangerous  to 
infer  that  he  resembled  the  races  of  men  which  are  now  inhabiting  that 
spot,  as  we  have  abundant  evidence  to  show,  not  only  that  man  alters  in  hia 
pnysical  character,  but  that  races  migrate  from  one  country  to  another, 
and  also  have  frequently  supplanted  each  other  by  conquest.  Neither  is  it 
by  any  means  certain  what  was  the  exact-position  of  the  "  garden  of  Eden,'* 
in  which,  in  the  Bible,  we  are  told  the  first  parents  of  mankind  were  placed. 
Most  theologians  are  agreed  that  the  country  referred  to  was  an  eastern 
country,  and  that  it  lay  east  of  Palestine,  the  place  where  the  writer  of 
the  sacred  narrative  was  placed.  An  eminent  theologian*  says :  "  The 
garden  of  Eden  was  probably  situated  on  the  southern  slope  of  Armecda ; 
for  the  greater  part  of  this  country,  constituting  an  elevated  table-land,  with 
numerous  ranges  of  higher  mountains  rising  above  it,  is  intersected  in  all 
directions  by  rapid  streams ;  and  here  the  Euphrates  and  Tigris  have  tiieir 
rise  not  far  from  each  other.  But  Eden  itseumay  have  embraced  the  fairest 
portion  of  Asia,  and  a  part  of  Africa.  The  probability  is,  however,  that  it 
was  limited  to  that  portion  of  Asia  which  is  oounded  by  the  Indian  Sea,  the 
Persian  Gulf,  and  the  Arabian  Desert,  on  the  south;  by  the  Caucasian 
Mountains,  the  Caspian  Sea,  and  Tartary,  on  the  north ;  by  the  chains  of 
Taurus  and  Amanus  on  the  west ;  and  on  the  east  by  the  high  land  which^ 
in  the  steppe  of  the  Kirghis,  connects  the  western  ridges  of  the  Altai 
Mountains  and  the  Himalaya  range,  about  the  sources  of  the  Ganges,  com- 
prehending a  tract  lying  between  25®  and  40°  north  latitude,  and  between 
30<>  and  80®  east  longitude." 

Quite  independently,  however,  of  any  inference  from  the  record  of  the  crea- 
tion of  man  in  the  Bible,  we  have  evidence  of  the  origin  of  man  more  especially 
in  Asia.  Thus  the  investigiation  of  the  languages  of  man  constantly  carries 
us  back  to  some  common  origin  in  Asia ;  and  if  we  allow  physical  conforma- 
tion to  assist,  the  evidence  is  almost  complete.  Wide  apart  as  the  inhabitants 
of  the  islands  of  the  South  Seas  and  the  American  Indians  may  appear,  it  is 
found  that  they  are  closely  connected  by  language ;  whilst  from  America  to 
Asia  we  find  a  transition  in  the  Esquimaux,  who  speak  a  language  allied  to 
that  of  the  aborigines  of  America,  and  who  have  a  physical  conformation 
which  allies  them  with  the  Chinese  and  the  great  mass  of  the  Asiatic  nations. 
The  languages  of  the  modern  races  in  Europe  are  clearly  traceable  to  one  of 
the  earlier  Asiatic  languages — ^the  Sanscrit ;  and  the  term  Indo-Germanie 
embraces  those  nations  of  Europe,  as  the  English,  French,  Germans,  and 
many  others,  who  are  evidently  of  Asiatic  origin.  The  nations  of  Africa 
seemed,  at  one  time,  to  form  an  exception  to  the  possibility  of  tracing  the 
present  races  of  mankind  to  a  centre  in  Asia ;  but  recent  researches  have 
shown  (more  especially  those  of  Dr.  Lathamf)  that  the  languages  of  the 
African  continent  have  so  much  in  common  with  those  spoken  in  Syria  and 
Arabia,  that  the  two  have  been  most  probably  derived  from  a  common 
Asiatic  centre. 


*  Dr.  Harria'a  "  Man  PrimeTal."  f  "Varieties  of  Man." 
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What  may  be  the  precise  nature  of  the  inflnenoes  which  have  caused  so 
much  difference  to  exist  between  the  indiyidnals  of  the  hitman  race  we  are 
unable  to  saj ;  but  instances  are  constantly  occurring  which  seem  to  show 
us  how  possible  it  is  that  all  the  yarieties  of  human  beings  have  occurred  in 
a  common  family.  Even  amongst  the  races  of  our  own  island,  when  exposed 
to  circumstances  which  deprive  them  of  their  usual  nutriment  and  means  of 
developing  the  civilized  instincts  of  mankind,  we  find  that  they  sink  in 
character,  and  become  physically  degraded  to   a  level  with  races  whose 


Fig.  14.— GEOTTP  OF  AUSTRALIANS. 

features,  at  first  sight,  are  very  far  removed.  We  have  given  an  illustra- 
tion (Fig.  14),  consisting  of  a  group  of  Australians,  who  are  receiving  one 
of  their  number  who  has  been  clothed  and  presented  with  a  looking-glass 
by  the  officers  of  the  French  ship  Astrolabe,  We  need  but  to  travel  across 
tne  Iridi  Channel  to  see  many  groups  of  our  Celtic  fellow-subjects  who 
have  been  reduced  by  famine  and  disease  to  a  degraded  condition  closely 
bordering  on  that  of  these  savages. 

Although  the  colour  of  the  skin  and  the  character  of  the  hair  give  so 
very  decided  an  appearance  to  many  of  the  races  of  man,  yet  there  are  on 
record  a  great  number  of  cases  in  which  individuals,  with  hair  and  skin  of 
one  colour,  have  given  birth  to  children  with  hair  and  skin  of  another 
colour  and  character.  Dr.  Prichard  enumerates  a  great  number  of  instances 
of  individuals  with  yellow  hair  and  fair  skin,  amongst  tribes  with  dark  hair 
and  skin;  aud  in  the  temperate  regions  of  Asia  whole  tribes,  evidently 
descended  from  dark-coloured  races,  presented  the  lie^ht  colour.  The 
Jews,  as  we  shall  have  occasion  to  see,  were  originally,  undoubtedly,  a  dark- 
skinned  and  woolly-haired  race;  but  it  is  well  known  that  the  Jews  of 
Europe  very  frequently  present  the  characteristics  of  the  lightest-coloured 
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raoes.  On  the  other  liand,  we  have  oonstantly  indiyiduals,  bom  of  wHte 
paxents,  having  woolly  hair,  a  dark  skm,  and  other  approaches  to  the  blade 
varieties  of  men.  Even  whole  nations — as  the  Germans — have  presented  a 
tendency  to  become  darker. 

There  is  also  evidence  to  prove  that  even  the  forms  which  the  bones  of 
the  head  assume  amongst  oifferent  nations  are  not  fixed.  Amongst  the 
most  hiehly  developHsd  raoes,  having  the  most  perfect  forms  of  skull,  we 
constancy  see  individuals  with  the  projecting  maxilla,  which  is  prevalent 
amongst  the  lowest  tribes ;  whilst,  on  the  other  hand,  individuals  are  often 
seen  amongst  the  least  civUized  races  presenting  forms  of  the  skull  approach- 
ing those  of  the  most  cultivated  nations.  Facts  such  as  these  are  constantly 
accumulating,  and  we  are  bound  to  say  that  they  clearly  point  to  the  deri- 
vation of  the  human  race  from  one  pair ;  and  we  have  already  seen  liat 
evidence  points  to  Asia  as  the  original  locality  of  the  pair. 

A  very  natural  question  arises  here  as  to  whether  we  have  any  natural- 
history  evidence  as  to  the  length  of  time  man  has  existed  on  the  surface  of 
the  earth.  The  ready  answer  to  the  question  of  the  age  of  man's  race  is  the 
authority  of  tiie  Bible,  or  rather  our  interpretation  of  its  import  In  tiiis 
question,  as  in  most  others,  the  lover  of  the  Bible  need  not  fear  the  results 
of  scientific  investigation.  Recent  inquiries  into  the  history  of  the  human 
race  have  resulted  in  tiie  confirmation  of  the  historic  record  contained  in  the 
sacred  books  of  tiiie  Israelites,  and  have  also  disproved  the  statements  of  those 
who,  relying  on  fabulous  accounts  of  documents  in  the  possession  of  the 
Chinese  and  Hindoos,  have  given  to  the  human  race  an  absurd  antiquity. 
Geology  reveals  to  us  very  clearly  the  fact,  that  man  has  not  been  created 
from  me  earliest  period  at  which  animal  and  vegetable  life  have  appeared  on 
the  surface  of  the  earth.  Geologists  can  point  to  strata  which  were  succes- 
sively deposited  at  the  bottoms  of  oceans  and  great  rivers,  and  which  present, 
for  a  lon^  succession  of  a^es,  no  evidence  of  tiie  existence  of  human  beings. 
These  ro^  unfold  a  condition  of  the  earth's  surface,  by  which  this  world  was 
gradually  prepared  to  receive  its  highest  and  most  potent  inhabitant — man. 
Estimates  have  been  formed  by  Sir  Charles  Lyell  and  others  of  the  periods  of 
time  required  for  tJie  production  of  certain  changes  upon  the  earth's  sur£EU)e; 
and  comparing  geological  changes  with  the  evidences  of  the  existence  of  man, 
all  the  princ^es  of  &e  science  of  geology  support  the  notion  that  man  is  one 
of  the  most  recently  created  beings  upon  the  surface  of  the  earth.  The  same 
evidence  is  also  in  favour  of  the  supposition  that  many  of  the  animals  and 
plants  by  which  man  is  surrounded  at  the  present  moment  are  contempora- 
neous creations  with  himself.  What  the  exact  date  of  man's  creation  is,  science 
cannot  answer.  Dr.  Latham  has,  however,  shown  that  the  arguments 
raised  in  favour  of  a  much  higher  antiquity  than  is  given  in  the  books  of 
Moses,  from  the  civilization  of  the  Chinese,  are  of  no  value ;  and  he  has  also 
pointed  out*  that  that  civilization  is  much  more  modem  than  the  Chinese 
beHeve. 

Some  writers,  again,  looking  to  the  great  length  of  time  that  it  takes  at 
present  to  produce  any  change  in  a  language,  argue  from  hence  that  in 
order  for  the  present  languages  of  the  earui  to  have  all  been  produced  from 
one  stock  must  have  taken  periods  of  time  much  more  vast  than  any  granted 
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in  the  Mosaic  ohronology.  Without,  howeyer,  undertaking  to  vindioate 
literally  the  chronology  of  the  interpreters  of  the  Hebrew  record,  we  would 
observe  tibat  all  languages  would  undergo  much  more  rapid  changes  before 
writing  and  printing  were  introduced  than  after,  and  that  a  few  centuries 
might  naye  eflfected,  in  the  early  history  of  our  race,  changes  which  could 
now  only  occur  in  thousands  of  years.  We  shall  not  here,  therefore, 
attempt  to  decide  for  or  against  an  antiquity  somewhat  higher  than  tiiat 
ordinarily  assigned,  but  content  ourselyes  with  remarking  that  all  the 
scientific  eyidence  is  opposed  to  an  age  for  the  human  race  greatly  exceed- 
ing that  which  is  ordinarily  deduced  from  the  historical  records  of  the 

We  shall  now  proceed  to  speak  more  in  detail  of  the  yarious  races  and 
nations  of  mankind ;  and,  in  order  to  do  this,  we  must  adopt  some  system  of 
classification.  It  is  not,  howeyer,  an  easy  thing  to  select  from  the  yariouB 
classifications  that  haye  been  giyen  by  writers  on  the  natural  history  of 
man,  that  which,  whilst  it  secured 
the  great  objects  of  all  classification 
— ^the  bringing  together  those  objects 
which  most  nearly  resemble  each 
other,  and  the  septu^tion  of  those 
which  were  most  distinct — should 
be  most  readily  comprehended  and 
applied.  Formerly  writers  on  man 
i£ought  it  sufficient  to  classify  his 
varieties — as  black,  red,  and  white 
— but  such  an  arrangement  is  ex- 
ceedingly artificial,  and  will  not 
bear  extensive  application.  The 
colour  of  the  skin  and  hair,  how- 
eyer, is  by  no  means  an  unimportant 
clement  in  the  characters  of  any 
particular  groups  of  human  beings. 
Ouvier,  the  great  French  naturalist, 
in  his  work  on  the  animal  king- 
dom, refers  all  the  varieties  of  men 
to  three  families — the  Caucasian,  or 
white ;  the  Mongolian,  or  yellow ; 
and  the  Ethiopian,  or  Negro.  ^^-  15.-M0NG0LLiif . 

The  Caucasian  group  has  been  so  named  on  account  of  its  supposed  origin 
in  the  group  of  mountains  called  Caucasus,  situate  between  the  Caspian  and 
Black  Seas,  whence  it  has  extended  all  around.  In  this  group  are  included 
ourselves  and  the  principal  European  families.  It  is  clmracterized  by  the 
oval  form  of  the  head,  and  the  fair  complexion  of  the  face.  It  includes 
Asiatic  as  well  as  European  races. 

The  Mongolians  are  supposed  to  have  originated  in  the  Altai  Mountains. 
They  are  distinguished  by  their  projecting  cheek-bones,  flat  visage,  narrow 
and  oblique  eyebrows,  scanty  beard,  and  olive  complexion  (Fig.  16).  The 
Chinese  are  regarded  as  t3rpical  of  this  race.  It  includes  also  the  Japanese, 
the  Kalmucks,  the  Tartars,  the  inhabitants  of  the  South  Sea  islands,  and  the 
Americans. 
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The  Ethiopian,  or  Negro  race,  is  oonfined  to  the  south  of  the  Atlas  chain 
of  mountains  in  Africa.  Their  skin  is  black,  their  hair  crisp,  the  skull  com- 
pressed, and  the  nose  flattened  (Fi^.  16).  They  are  regarded  as  the  lowest 
types  of  the  human  race  ;  and  Cuvier  says  that  **  the  projecting  muzzle  and 
thick  lips  evidently  approximate  them  to  the  apes."  Those,  however,  who 
will  visit  tiiie  Zoological  G^a^dens  in  Regent's  Park  at  the  present  moment, 
and  compare  the  habits  and  antics 
of  the  orang-outang,  the  highest  of 
the  ape  tribe,  with  the  lowest  types 
of  this  degraded  form  of  the  human 
race,  will  see  that  the  approxima- 
tion of  these  men  to  apes  is  only 
comparative,  and  not  real.  These 
divisions  by  Cuvier  have  been  very 
generally  adopted ;  but  many  writers 
have  separated  the  American-Indian 
and  the  Malay  and  Polynesian 
races.  Thus  Lawrance,  in  his 
Lectures  on  Man,  includes  all  the 
native  Americans  under  a  separate 
class,  as  well  as  the  natives  of  the 
islands  of  the  South  Seas  and  the 
Indian  Archipelago.  Dr.  Priihard, 
to  whose  labours  ethnology  owes  so 
much,  recognizes  seven  classes,  of 
which  we  need  but  give  the  names. 

1.  The  Iranians  ;  including  the 
European  races,  and  all  the  Cauca- 
sians of  previous  writers. 


Fig.   16.— ETHIOPIAN  BACE, 


2.  The  Turanian ;  having  the  characters  of  the  Mongolian  variety  of 
others. 

3.  The  Native  Americans,  excepting  the  Esquimaux. 

4.  The  Hottentots  and  Bushmen  (Fig.  17). 

5.  The  Negroes, 

6.  The  PaptMSy  or  woolly-haired  nations  of  Polynesia. 

7.  The  Alfouran  and  Australian  races. 

A  recent  writer.  Dr.  Pickering,  who  was  attached  to  an  exploring 
expedition  made  at  the  request  of  the  government  of  the  United  States,  has 
arranged  his  observations  on  the  varieties  of  men  under  eleven  heads. 
He  says,  **  I  have  seen,  in  all,  eleven  races  of  men ;  and  though  I  am 
hardly  prepared  to  fix  a  positive  limit  to  their  number,  I  confess,  after 
having  visited  so  many  different  parts  of  the  globe,  that  I  am  at  a  loss 
where  to  look  for  others." 

The  following  is  the  arrangement  with  the  definitions  given  by  Dr. 
Pickering,  in  his  work  On  the  Races  of  Men : — 

a,  WHITE, 

1.  Arabian, — The  nose  prominent,  the  lips  thin,  the  beard  abundant, 
and  the  hair  straight  or  flowing. 

2.  Abyssinian.  (Fig.  11,  p.  369).-— The  complexion  hardly  becoming 
florid,  the  nose  prominent,  ana  the  ludr  crisped. 
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3.  Monffoltan.'-'BeardleaSy  wiih  the  hair  perfectly  BtraigM  and  very  long. 

4,  Hottentot, — ^Negro  features,  and  close  woolly  hair,  and  the  statiire 
dimintitive  (Fig.  17). 

5.  Malay, — ^Featoresnotproniinent 
in  the  profile,  the  complexion  darker 
than  in  the  preceding  races,  and  the 
hair  straight  or  flowing. 

C,  BLACKISH  BBOWir. 

6.  Papuan, — Features  not  promi- 
nent in  profile,  the  beard  abundant, 
the  skin  harsh  to  the  touch,  and  the 
hair  crisped  or  Mzzled. 

7.  NegriUo, — Apparently  beard- 
less, the  stature  diminutive,  the  fea- 
tures approaching  those  of  the  Negro, 
and  the  hair  wooflv  (Fig.  12jp.370). 

8.  Indian  or  TeUngan, — ^Tne  fea- 
tures approaching  thoseof  the  Arabian, 
and  the  hair,  inuke  manner,  straight 
or  flowing. 

9.  Ethiopian, — The  complexion  and 
features  intermediate  between  the 
Telingan  and  Negro,  and  the  hair 
crisped  (Fig.  16). 


Fig.    17.— HOTTENTOT. 


d,   BLACK. 

10.  AusU'alian, — ^Negro  features,  but  combined  with  straight  or  flowing 
hair  (Fig.  14). 

11.  Negro, — Close  woolly  hair,  the  nose  much  flattened,  and  the  lips 
very  thick. 

In  our  next  chapter  we  will  give  the  classification  of  Dr.  Robert  G. 
Latham,  which,  as  it  is  the  most  recent,  and  appears  in  one  of  the  most  able 
works  on  the  subject  of  ethnolo^,  we  propose  to  follow  in  our  remarks 
upon  the  various  families  of  mankind. 


CHAPTER  IX. 

ON  THE  BACES  OF  MEN. — THE  PBIMAEY  VAKIETIES  OP  MANKIND. 

In  classifying  the  races  of  men,  it  must  be  remembered  that  the  divisions 
and  subdivisions  which  are  employed  do  not  resemble  those  which  are  used 
in  the  systematic  classification  of  plants  and  animals.  When  the  whole  of 
the  species  of  the  vegetable  or  the  animal  kingdom  have  to  be  arranged, 
then  we  divide  them  into  various  primary  and  subordinate  groups,  which 
are  called  classes,  families,  or  orders,  genera,  species,  and  varieties.  Now 
man  himself  is  but  a  ^cies ;  he  belongs  to  a  subordinate  group  of  a  large 
division  of  the  animal  kingdom.    Zoologically  considered,  man  is  an  fltiiinfll 
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belonging  to  the  class  Vertehrataj  the  order  Mammaliay  the  genus  Homo, 
and  species  Sapiens,  The  object  of  our  inquiry  now,  then,  is  to  ascertain 
the  obserred  varieties  of  the  species  Homo  sapiens. 

In  our  last  chapter  we  glanced  at  the  classifications  of  the  known  varieties 
of  man  adopted  by  different  writers  on  the  subject  of  ethnology.  The 
system  we  shall  adopt  is  that  followed  by  Dr.  R.  G.  Latham,  in  his  work  on 
The  Varieties  of  Man,  In  the  first  place,  like  Cuvier  and  other  previous 
writers,  he  adopts  but  three  primary  varieties  of  the  human  species : — 

I.  Mongolidae. 
II.  Atlantidse. 
III.  Japetidee. 
The  termination  in  ida  employed  here  seems  preferable  to  the  use  of  terms 
such  as  class^  order^  family,  tribe,  or  other  words  which  have  another  use 
either  in  this  or  other  departments  of  Natural  History.  It  must  not,  how- 
ever, be  snpnoaed  that,  by  naiiig  these  terms,  any  of  the  varieties  of  man 
can  be  traoea  xq^  to  a  ooanBOii  ancestry,  so  that  we  could  say,  all  the  Mon- 
golidaa  oridliiated  with  ttds  man,  or  all  the  Atlantidse  with  that  man.  In 
tracing  1mi&  laoes  we  Jisre  no  evidence  so  conclusive  that  any  particular 
variety  onmiated  with  a  partieular  pair  of  human  beings,  as  we  have  that 
all  the  faomies  of  mankina  have  originated  in  a  single  pair.  The  terms 
MongolidaB,  AtlantidfBy  and  Japetidse  are  not  derived  from  a  community  of 
meaning  in  the  things  they  express.  Thus  the  first  comes  from  a  nation, 
the  Mongols,  who  occupied  a  portion  of  Eastern  Asia,  and  were  at  one  time 
the  conquerors  of  the  world,  and  are  regarded  as  typical  of  a  large  portion 
of  the  human  race.  The  Atlantidse  are  entirely  found  in  Africa;  hence 
their  name.  The  Japetida?  include  the  races  of  men  in  Europe  who  are 
traditionally  descended  from  Japheth ;  hence  the  name  selected  to  express 
them. 

Before  proceeding  to  give  any  ac- 
count of  the  different  nations  included 
under  these  primary  varieties,  we  will 
give  a  summary  of  those  characters 
which,  to  a  greater  or  less  extent,  sepa- 
rate these  great  divisions  of  mankind. 
I.  I%«  MongoUtUs.  —  The  people 
comprised  under  this  variety  have  the 
following  physical  conformation.  The 
face  is  broad  and  flat,  which  either 
arises  from  the  great  development  of 
the  zygomatic  arches,  or  from  the 
distance  between  the  parietal  bones 
on  each  side  of  the  head.  There  is 
often,  also,  a  great  depression  of  the 
nasal  bones,  which  contributes  to  nve 
a  flat  appearance  to  the  face.  %ie 
profile  of  the  forehead  is  retiring  or 
depressed,  seldom  found  p^rpen- 
=  dieular.     The  profile  of  the  jaws  is 

Fiir  ift-PAMiAK  prognathic  or  piojectinff,  seldom  foimd 

Fig.  18.-PAPUAN.  ^^  ^  j^^i^  ^^  ^  forehead.    The 

eyes  frequently  present  the  peenliafity  ealled  oblique.    The  skin  is  of  a  mixed 
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(shaneter,  never  trulf  white,  and  very  rareiv  of  a  jet  bkck ;  still  it  often 
preneatB  what  would  be  called  a  black  or  wiute  eokmi.  The  eves  are  gene- 
rally  of  a  dark  eoloar.  The  hair,  as  a  general  role,  is  strai|g^t,  kMiff,  and 
black  ;  in  some  instances  it  is  early — ^rarely  wodly — and  moce  Taiely  still 
light-coloured^  As  examples  we  may  quote  the  Indian,  Fig.  13  (pi  368, 
and  the  Mcmgolian,  Fi^.  51  (p.  3S2^,'  and  the  Papuans,  Figs.  18  and  19. 
The  two  latter,  howerer,  are  examples  of  the  exceptional  cases,  in  which 
this  variety  presents  a  curly,  if  not  a  woolly,  rather  than  a  long  straigh 
hair. 

The  languages  of  the  people  belonging  to  this  variety  are  either 
characterized  by  the  absence  of  cases 
(aptotic),  or  having  inflections,  they 
can  be  shown  to  have  arisen  out  of 
the  union  of  diffinrent  words  (aggluti- 
nate). They  are  very  rarely  amalga- 
mate. 

The  distribution  of  this  variety  is 
very  wide  over  the  surface  of  the 
earth.  It  finds  its  greatest  develop- 
ment on  the  continent  of  Asia,  al- 
though, even  there,  it  is  found  not  to 
be  entire  possessor  of  the  earth.  The 
Persians  of  northern  and  western 
Persia,  the  Kurds,  the  Beluchi,  the 
Afghans,  the  Tajiks  of  Bokhara,  and 
the  Siaposh,  mmt  all  be  regarded  as 
bebnging  to  the  Japetida;.  On  the 
other  hand,  although  we  shall  iind  the 
Japetida)  the  principal  occupants  of 
Europe,  there  seems  to  be  little  doubt 
that  the  Lapps  and  Finns  of  Scandinavia,  the  Ma^ars  of  Hungary,  the 
Turks  of  Turkev,  the  Basques  or  Euskaldunes  of  Biscay  and  NaTarre,  and 
probably  even  tne  Albanians  or  mountaineers  of  ancient  lUyria  and  Epirus, 
all  belong  to  the  Mongolida?. 

From  the  analogy  of  language,  this  variety  is  made,  by  Dr.  Latham,  to 
include  the  whole  of  the  inhabitants  of  the  Polynesian  islands,  as  well  as 
those  of  America.  Although,  at  first  sight,  the  physical  differences  between 
the  Asiatic  Mongolida)  and  the  inhabitants  of  the  islands  of  the  South  Seas 
and  the  continent  of  America,  might  look  as  great  as  that  between  many  of 
the  Mongolida)  and  Japetida),  vet  it  has  been  found  that  even  physical  cha- 
racters fail  to  aftbrd  a  line  of  demarcation.  Thus  Dr.  Morton  of  America 
thinks  that  **the  squared  or  rounded  head,  the  flattened  and  vertical 
occiput,  the  high  cheek-bones,  the  ponderous  maxillaB,  the  large  quadran- 
gidar  orbits,  and  the  low  receding  forehead,"  are  characters  that  would 
(listinguish  the  American  from  all  other  varieties.  When,  however,  we 
examine  the  languages  of  the  American  continent,  we  shall  find  that  the 
Esquimaux  present  so  strong  a  relation  to  that  of  the  other  races,  that  we 
cannot  deny  their  aflinity  to  the  American  races ;  and  it  is  amongst  the 
Esquimaux  that  we  find  a  departure  from  the  physical  ^e  of  a  peculiar 
American  form,  and  a  strong  relationship  with  the  Asiatic  Mongolidje.  It 
is  considerations  such  as  tms  which  have  induced  recent  ethnologists  to 
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regard  the  American  Indian  as  a  form  of  the  variety  of  mankind  to  which 
the  followers  of  Zinghis-Khan  belong. 

The  influence  of  the  races  included  under  the  variety  of  Mongolidse  must 
be  regarded  as  rather  material  than  moral.  They  undoubteSy  form  by 
far  the  larger  portion  of  the  human  race,  and  occupy  a  considerable  space  in 
the  history  of  the  world.  They  have,  by  the  sword,  established  some  of 
the  largest  empires  that  the  world  has  seen.  China  is  at  this  moment  an 
example.  Their  empires  have,  however,  crumbled  to  pieces,  and  left  no 
deep  impression  on  the  world.  Such  is  not  the  history  of  the  Atlantid»  and 
Japetidse,  the  first  of  which  includes  the  .7  ews  and  the  Mahommedans,  and  the 
last  the  Greeks,  Romans,  and  modem  European  races. 

II.  The  Atlantidos, — In  their  phy- 
sical character  the  face  is  not  so  broad 
and  flat  as  in  the  Mongolida).  The 
jaws  project,  are  prognathic,  whilst 
the  nose  is  generally  flat ;  the  forehead  is 
retiring,  the  cranmm  doUkocephalic  ; 
that  is,  there  is  less  space  between  the 
parietal  bones  of  the  skull,  whilst  its 
length  remains  the  same,  than  there  is 
in  the  last  variety.  The  eyes  only 
rarelv  open  obliquely.  The  skin  is 
mostly  jet  black,  presenting,  however, 
lighter  shades,  and  very  rarely  ap- 
proaching a  pure  white.  The  hair  is 
crisp,  woolly,  very  rarely  straight,  and 
still  more  rarely' light  coloured.  As 
examples  of  this  variety,  the  Abyssi- 
nian, Fig.  11  (p.  367),  the  Ethiopian 
woman,  Fig.  16  (p.  383),  the  Hotten- 
tot, Fig.  17  (p.  384),:  and  the  Negro, 
Fig.  20,  may  be  given. 

The  languages  amongst  the  Atlan- 
tidae  belong  to  the  agglutinate  class. 
They  are  seldom  or  never  found  with  a 
trulv  amalgamate  inflection. 

The  great  district  of  the  development  of  the  nations  which  are  brought 
together  under  the  above  deflnition  is  Africa.  Perhaps  there  is  no  quarter 
of  the  globe  that  presents  a  greater  diversity  of  inhabitants  than  AMca,  or 
races  of  men  who,  at  flrst  si^t,  appear  so  evidently  distinct.  All  previous 
ethnolo^sts  have  placed  the  Hottentot,  the  Negro,  f and  the  Bushman  in  a 
very  different  position  from  the  Assyrian,  the  Babylonian,  the  Mahommedan, 
and  the  Jew;  but  in  Dr,  Latham's  classification  we  find  these  brought 
together  under  the  common  variety  Atlantidse.  The  analogy  of  language 
has  led  to  this  conclusion ;  and  the  transition  from  the  lowest  to  the  highest 
of  these  races  is  so  gradual,  that  no  investigation  of  their  physical  structure 
with  which  we  are  at  present  acquainted  would  be  sufficient  to  break  down 
the  affinity  discovered  in  their  languages.  No  part  of  Africa  seems  to  be 
inhabited  by  any  races  but  those  of  the  Atlontid©,  The  Syro- Arabian  or 
Semitic  nations,  however,  which  are  now  classed  amongst  the  Atlantidse, 
are  found  occupying  a  considerable  area  in  the  south-western  part  of  Asia. 


Fig.  20.--NEGHO. 
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The  people  of  these  races  are  far  removed  from  the  Kegro  and  the  Hottentot, 
and  present  great  symmetry  of  form,  and  considerahle  cerebral  development. 

However  small  may  have  been  the  inflnence  of  the  lower  types  of  this  race 
on  the  world,  there  can  be  no  doubt  of  the  vast  impression  podnoed  by  the 
Semitic  nations.  We  may  pass  over  the  early  civilization  indicated  by  the 
As^nrian  and  Babylonian  empires,  and  jGb^  attention  on  the  religions  history 
of  the  Jews.  Here,  amidst  the  surrounding  Paganism,  we  find  the  worship 
of  the  one  true  God  maintained  by  this  small  race  amongst  the  Semitic 
nations;  and  through  them  the  religion  of  Christ,  which  is  destined  to 
re-act  on  all  the  other  races  of  mankind.  It  is  also  among  these  races  that 
that  compoimd  of  Judaism  and  Christianity,  Mahommedanism,  has  sprung 
up  ;  and  however  inferior  it  may  be  to  the  religion  of  Christ,  there  can  be 
little  doubt  of  the  beneficial  infiuenee  it  has  exerted  on  the  races  who  have 
embraced  it. 

in.  Th$  Japetida. — ^This  variety  includes  most  of  the  nations  of  modem 
Europe.  Physically  they  present  characters  superior  to  the  two  other 
varieties*  Their  &oe  is  not  fiat,  and  is  moderately  broad.  The  jaws  project 
but  little,  the  nose  is  often  very  prominent,  and  the  frontal  profile  is  not 
unfrequentiy  nearly  vertical.  The  skull  is  shaped  generally  as  the  last 
Tarie^.  The  opening  of  the  eyelids  is  straight,  and  very  rarely  oblique. 
The  skin  is  wldtB  or  bnmette.  The  hair  is  never  woolly,  varying  much  in 
colour,  freqiMntLy  T«ry  light.  The  eyes  are  black,  blue,  or  grey.  We 
need  give  no  example,  as  our  own  race  is  so  good  a  one.  The  streets  of 
London  may,  moreover,  at  all  times  be  advantageously  studied  for  fur- 
nishing illnsfaratioins  of  the  great  European  variety  of  Japetidee.  Indeed,  one 
of  the  interestiiu^  poontB  of  the  late  Great  Exhibition  was  the  facilities  it  has 
afforded,  not  o^  for  the  studv  of  the  industry  of  man,  but  of  man  himself. 
I^early  all  the  great  nations  of  the  earth  have  been  represented  there,  and 
have  afforded  an  opportunity  for  the  study  of  their  physical  and  mental 
peculiarities. 

The  languages  of  the  great  European  races  are  never  aptotic.  They  are 
mostly  anaptotic,  or  having  amalgamate  inflections.  In  a  few  instances 
they  are  agglutinate. 

Although  the  Japetidee  form  the  principal  part  of  the  nations  of  Europe,, 
they  do  not  exclusively  occupy  this  district  of  the  earth,  nor  are  they  con- 
fined to  it.  We  have  before  mentioned  the  Lapps  and  Finns  of  Scandinavia,, 
the  Euskaldunes  of  the  Basque  provinces,  uie  Magyars  and  Turks.  It 
appears  not  ix>  be  improbable  lUiat  the  former  were  the  original  inhabitants 
of  Europe,  and  are  the  remnants  of  a  race  driven  away  successively  by  the 
Celts  and  the  Indo-Germanic  races  that  now  occupy  this  part  of  the  world. 
As  also  we  find  evidence  of  the  origin  of  the  Jaj^dse  in  the  East,  so  we 
find  traces  of  their  existence  in  various  parts  oi  Asia,  as  in  the  Persians, 
Kurds,  Beluchi,  Affghans,  Tajiks,  and  Siaposh.  It  is  not  improbable,  also^ 
that  the  Armenians  ought  to  be  classed  with  the  Japetidae. 
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"Unnumbered  stars  ride,  in  their  perfect  beauty, 
Through  heaven's  wide  champaign." 

The  clear,  cold  nights  of  winter  are  indescribably  beautiful,  when  not  a 
cloud  flits  across  the  heavens,  and  high  winds  have  chased  before  them  all 
murky  vapours  that  arise  from  off  the  earth.  "  One  starry  glitter  girds  the 
glowing  pole,"  and  far  and  wide,  from  the  zenith  to  the  verge  of  the  hori- 
zon, crowd  innumerable  stars  of  varying  magnitude  and  lustre — some 
extremely  brilliant,  others  dimly  twinkling ;  a  few  verging  on  the  horizon, 
but  the  greater  number  looking  down,  from  their  high  stations  above  us,  on 
the  calm  serenity  of  a  sleeping  world.  "  We  shall  have  a  frost,"  some 
people  say ;  **  see  how  bright  the  stars  are !"  and  thus  saying,  they  pass  on. 
Others,  pausing,  gaze  and  admire  the  grandeur  of  the  heavens ;  they  desire 
to  become  acquainted  with  the  names  and  relative  positions  of  each  bright 
star ;  and  to  such  we  say,  "  Look  northwards,  towards  the  zenith,  high  up 
in  the  air ;  there  shines  the  Great  Bear,  commonly  called  Charles's  Wain,  a 
beacon  constellation,  which  serves  to  point  out  the  positionof  many  others." 
This  constellation  is  readily  distinguished ;  it  forms  one  of  the  most 

remarkable  groups  in  the  heavens, 
consisting  of  seven  prominent  stars  of 
•  the  second  magnitude,  four  of  which 
are  so  arranged  as  to  represent  an 
irregular  square,  and  the  other  three 
are  prolong^  into  a  very  obtuse  tri- 
angle. But  in  order  to  facilitate  an 
accurate  knowledge  of  such  constella- 
tions as  are  visible  during  the  present 
month,  of  such  also  as  appear  succes- 
sively, you  must  provide  yourself  with 
a  good  celestial  chart,  or  hemisphere, 
of  such  a  size  that  stars  of  the  first 
and  second  magnitude  are  distinctly 
laid  down.  Compare  the  figure  of  the 
seven  stars,  as  exhibited  in  the  chart,  and  which  pertain  to  the  Great  Bear, 
with  those  in  the  heavens,  and  your  eye  will  soon  become  accustomed  to 
them.  This  done,  examine  lie  configuration  of  the  neighbouring  ones, 
which  equally  belong  to  the  well-known  group,  and  you  will  trace  them 
vdth.  equal  facility.  We  use  the  term  "  well-known,"  beca,use  few  constel- 
lations have  excited  such  general  interest.  When  Milton,  in  poetic  mood, 
personified  Melancholy  as  a  matron  sage  and  holy,  he  thus  spoke  of  the 
Great  Bear : — 

"  Oh,  let  my  lamps  at  midnight  hour 
Be  seen  in  some  high  lonely  tower. 
Where  I  may  oft  outwatch  the  Bcur, 
With  thrice  great  Hermes,  or  unspbere 
The  spirit  of  Plato!" 
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Our  oonntay  people,  who  never  heard  of  Plato,  nor  much  concerning  the 
shs^gy  occupant  of  Soandinayian  forests,  nnless  when  exhibited  as  a  dancer 
at  wakes  or  fairs,  give  to  the  group  of  which  we  sneak  the  appellation  of 
Charles's  Wain,  or  wagon ;  four  of  the  stars  reminding  them  of  the  four 
wheels  of  a  wagon,  and  the  three  others  of  the  horses.  No  other  stars 
resemble  them  in  their  position,  and  by  their  aid  many  a  shepherd  has  found 
his  way  across  wild  moors  in  winter,  when  snow  lay  deep  upon  the  gronnd. 
Now  look  on  the  two  stars  which  compose  the  hinder  wheels  of  the  wagon, 
and  carry  your  eye  in  a  straight  line  to  a  bright  star  above,  of  the  second 
magnitude,  and  beaming  alone  in  a  pretty  lar^e  space.  This  is  the  Pole- 
star  ;  it  is  always  stationary,  and  by  looking  fim  at  it  yon  may  readily  iind 
the  north.  Aluiongh  the  observation  is  a  farite  one,  it  may  not  be  useieas  to 
remark,  that  the  east  will  be  naturally  on  the  right  hand,  tne  west  on  the  left 

"The  Pole-star  hath  its  own  deep  solemn  beauty, 

Pre-eminent  the  circling  stars  among ; 
And  still  those  stars,  as  if  with  conscious  duty, 

Their  service  render— stlli  succetsive  throng. 
As  days  and  years  gUde  on ;  nor  weary  they 

To  tread  the  mighty  path  that  circhng  leads, 
Around  that  Star,  to  wnioh  they  homage  pay, 

Bejoicing  erer;  they  the  Panean  reeds 
And  dances  heed  not,  though  the  glittering  trains 
Pass  and  repass  o'er  heaven's  immortal  plains." 

No  other  constellations  are  associated  with  such  pleasant  remembrances  as 
the  Great  and  Lesser  Bears.  They  are  familiar  to  husbandmen ;  and  many 
a  wayfaring  man,  passing  over  lonely  wilds,  or  voyager  far  off  at  sea,  has 
been  saved  from  inevitable  destruction  by  observing  them. 

Now,  if  a  straight  line  is  drawn  from  xhe  head  of  the  Great  Bear,  crossing 
the  meridian,  and  inclining  a  little  to  the  north-east,  it  will  touch  the 
brilliant  constellation  of  Cassiopeia,  a  remarkable  group,  containing,  among 
lesser  ones,  five  stars,  arranged  nearly  as  follows : — 

c^      Surely  that  fair  lady,  riding  high  in  the  air,  seems  as  a 

aj^      "^  centre  of  attraction  to  many  others.     Matron-like,  she  hath 

rP  her  family  clustering  round  her,  or  near  at  hand.      Methinks  • 

/   \  she  might  typify  the  virtuous  woman  whom  King  Solomon  so 

/    ^        much  commends  fDr  her  diligence  and  wisdom ;  whose  hus- 

/     ^        band  trusted  in  her,  knowing  that  by  her  skill  his  household 

^^      W     would  be  clothed  in  scarlet,  and  himself  pre-eminentlv  attired 

^tp—"'^^    when  sitting,  in  the  gates  of  his  native  city,  among  tne  elders 

of  the  land. 

Alas  for  thee,  "starred  Ethiop's  queen!"  although  the  daughter  of 
"bright -haired  Vesta,"  no  such  meed  of  praise  pertaineth  to  tihy  name. 
Thy  husband  and  thy  daughter  could  not  "  rise  up  and  call  thee  blessed;" 
but  those  who  look  upon  thee  in  thy  nightly  progress,  whether  above  myrtle 
groves  or  over  snow-clad  hills,  may  derive  from  thee  a  lesson  of  eternal  import. 
Near  Cassiopea  is  stationed  Perseus,  with  Medusa's  Head  ;  Andromeda, 
the  daughter  of  Cassiopea,  gleams  on  the  horizon  at  ten  at  night ;  Cepheus, 
her  father,  has  risen  considerably  higher ;  the  Swan,  with  a  bright  star  in 
the  foot  of  Pegasus,  maybe  seen  when  the  earth  is  free  from  vapours ;  west- 
ward appear  the  Pleiades,  Fly  and  Triangle,  verging  on  the  zodiac.  This 
glorious  belt  of  constellations  nightly  reveals  the  signs  of  Pisces,  Aries, 
Taurus,  Gemini,  Cancer,  Leo,  with  the  head  and  shoulders  of  Virgo. 
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The  Lyre,  Dragon,  and  Corona  Sept  are  obvious  in  the  vicinity  of  the 
Great  Bear  and  Pole-star.  Bootes,  also,  a  northern  oonstellation,  is  fully 
developed ;  and  close  at  hand  is  Coma  Berenices ;  next,  and  near  to  the 
meridian,  Leo  Minor  may  be  dimly  discerned ;  the  Lyra  appears  on  that 
line,  somewhat  higher  up ;  and  close  to  Perseus  is  the  Cameleopard. 

Beneath  the  zo(uao,  extending  from  west  to  east,  the  Whale,  Orion,  Canis 
Minor  and  Major,  Monoceros,  and  Hydra  are  already  stationed ;  southward 
is  the  ship  Argo ;  and  on  the  eastern  horizon  the  Centaur  has  just  risen. 

Such  is  the  brief  mention  of  constellations  that  are  now  visible  in  the  im- 
mensity of  space.  Concerning  these,  as  months  pass  on,  we  purpose  speaking 
much  at  large ;  noting,  also,  such  celestial  phenomena  as  p^tain  to  this 
portion  of  our  subject. 

Meanwhile  it  is  most  desirable  that  our  readers  should  become  acauainted 
with  historic  facts  connected  with  astronomy.  Earth  has  her  reooros  of  old 
time,  memorial  trees  and  ruins,  which  men  journey  far  to  visit,  reckless  of 
fatigue  or  peril ;  and  happy  is  the  traveller  who  mav  unearth  some  frag- 
ment or  old  coin  that  has  lain  hid  for  ages !  The  heavens,  likewise, 
exhibit  records  of  what  has  been.  Those  who  first  sought  to  give  names  to 
the  most  obvious  groups  inscribed  upon  their  titles  either  the  history  of 
such  events  as  they  desired  to  perpetuate,  or  the  names  of  the  terrestrial 
objects  that  surrounded  them,  or  marked  successive  periods  for  woi^  of 
husbandry,  or  memorialized  illustrious  characters  to  whom  their  country 
had  given  birth. 

Most  authors  ^x  the  ori^  of  astronomy  either  in  Chaldea  or  in  Egypt. 
Those  regions  were  especially  adapted  for  observing  the  movements  of 
heavenly  bodies,  on  account  of  their  extended  flatness,  and  the  clearness  of 
the  atmosphere ;  and  both  equaUylaid  claim  to  producing  the  first  cultiva- 
tors of  this  important  science,  llie  Chaldeans  boasted  of  their  temple,  or 
tower,  of  Belus,  from  whose  lofhr  summit  they  gazed  upon  the  stars ;  and  of 
Zoroaster,  whom  they  placed  bemre  the  Troianwar,  and  whom  they  extolled 
for  his  deep  and  acute  researches  into  philosophy,  and  the  study  of  astro- 
nomy. The  Babylonians  boasted  in  like  manner  concerning  their  colleges  of 
priests,  where  the  science  was  fully  taught,  and  of  the  golden  circle  of  Osy- 
mandyas,  divided  into  three  hundred  and  sixty-five  parts,  according  to  the 
days  of  the  year. 

The  beauty  and  glory  of  the  stars,  designed  as  setters  forth  of  blessings 
in  store  for  man,  and  as  proofs,  also,  of  unerring  wisdom,  became  obsourM. 
as  years  passed  on ;  and  when  star- worship  was  instituted,  the  Chaldean 
and  Babylonian  priests,  whose  nightly  studies  gave  them  a  minute  acquaint- 
ance with  the  movements  and  ds^ifications  of  the  celestial  lights,  obtained, 
by  this  means,  a  great  ascendency  over  the  minds  of  their  votaries.  They 
could  foretell  precisely  the  moment  when  each  star  or  constellation  would 
appear  on  the  horizon ;  and,  calling  it  by  some  appropriate  name,  they  pro- 
fessed to  render  it  subservient  to  their  assumed  power.  By  these  and  other 
perversions  of  the  knowledge  which  they  actually  possessed,  they  acquired 
an  amazing  political  influence ;  and  the  fame  of  Babylon  and  Egypt,  of 
their  diviners  and  astrologers,  went  forth  into  all  nations. 

From  Chaldea  and  Egypt  the  science  of  astronomy  passed  into  Phoenicia. 
Her  people  applied  the  ^owle^e  they  obtained  of  the  heavenly  bodies  to 
purposes  of  navigation,  steering  Iheir  course  by  the  Pole-star ;  ana  becoming, 
in  consequence,  masters  of  the  seas,  they  traded  to  regions  comparatively 
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remote ;  and  hence  we  lind,  in  their  starry  ai'chives,  references  to  eyents 
connected  with  their  history  and  commeroe. 

The  Greeks  most  prohably  derived  their  astronomical  science  chiefly 
from  the  Egyptians  and  Phoenicians,  in  consequence  of  their  scholars  resort- 
ing to  those  countries  in  pursuit  of  learning.  Newton  conjectures  that  Ihe 
division  of  the  stars  into  constellations  was  made  about  the  time  of  the 
Argonautic  expedition,  when,  as  poets  teU,  Jason  and  his  fifty-four  com- 
panions voyaged  in  the  ship  Argo,  in  order  to  recover  a  golden  fleece :  it  is, 
however,  more  probable  that  such  division  belonged  to  a  much  earlier 
period,  and  originated  before  the  flood.  Josephus  ascribes  to  Seth  and  his 
posterity  a  considerable  knowledge  of  astronomy,  and  speaks  of  the  two 
pillars,  one  of  brick,  the  other  of  stone,  called  by  his  name,  on  which  were 
inscribad  the  principles  of  the  science.  Be  this  as  it  may,  it  is  clearly 
evident  that  the  great  length  of  antediluvian  life  would  aiford  excellent 
opportunities  for  observing  the  luminaries  of  heaven,  and  we  cannot  but  sup- 
pose that  the  science  of  astronomy  was  considerably  advanced  in  their  time. 

"With  regard  to  times  comparatively  modem,  yet  previous  to  the  expedi- 
tion of  Jason,  several  constellations  are  mentioned  by  Hesiod — ^that  cele- 
brated votary  of  the  Muses,  contemporary  with  Homer,  who  first  wrote  a 
poem  on  agriculture,  and  whose  instructions  to  cultivators  of  the  field  con- 
tain reflections  worthy  of  Socrates  and  Plato.  Homer  also  refers  to  different 
groups  and  stars,  and  clothed  many  a  thought  respecting  them  with  his 
wonted  sublimity.  In  after  years,  Aratus,  a  Ureek  poet  of  Cilicia,  wrote— 
by  the  desire  of  Antigonus  Gk)natus,  king  of  Macedonia,  at  whose  court  he 
passed  much  of  his  life — a  poem  on  astronomy,  which,  embodying  the 
information  derived  from  past  ages  with  such  as  pertained  to  his  own  time, 
comprised  the  relative  position,  the  rising  and  setting,  and  the  number  and 
motion  of  such  stars  as  were  then  divided  into  groujMS.  The  first  showed 
how  every  constellation  is  stationed  with  reference  to  its  neighbour ;  what 
position  it  held  as  regarded  the  supposed  construction  of  the  sphere ;  and  in 
what  companionship  it  rose  or  set.  This  calendar  of  stars,  though  necessarily 
incomplete,  sufficed  for  the  use  of  sailors  and  purposes  of  husbandry ;  while 
the  elegant  and  highly  finished  verses  in  which  it  was  composed  caused  the 
poem  to  be  translated  by  Cicero  and  Csfesar  Germanicus ;  paraphrased  by 
Avienus,  a  poet  in  the  reign  of  the  lloman  Emperor  Theodosius ;  and  illus- 
trated by  about  fifty  commentators.  Aratus  was  cited  by  St.  Paul  when, 
in  the  midst  of  Mai^s  Hill,  he  adverted  to  the  superstitions  of  the  men  whom 
he  addressed,  bidding  them  remember  that  **  the  Deity  dwelt  not  in 
temples  made  with  hands ;  for  in  Him  we  live,  and  move,  and  have  our 
being,  as  certain  also  of  your  own  poets  have  said."     (Acts  xvii.  28.) 

Hipparchus — himself  a  luminary  of  the  first  magnitude — ^mathematician 
and  astronomer  of  Nicea,  who  fiourished  about  fifty-two  years  after  Aratus, 
added  greatly  to  astronomic  science.  He  divided  the  heavens  into  forty- 
nine  constellations,  and  gave  names  to  all  the  stars.  He  first  conjectured 
that  the  interval  between  the  vernal  and  autunmal  equinox  is  one  hundred 
and  eightj'-six  days — seven  days  longer  than  between^the  autunmal  and  the 
vernal — and  that  it  was  occasioned  by  the  eccentricity"  of  the  earth's  orbit. 
Having  also  one  day  viewed  from  difterent  situations  an  isolated  tree 
growing  on  a  wide  plain,  and  observed  the  seeming  change  in  its  appearance, 
he  was  led  to  consider  that  a  similar  variation  might  oe  perceptible  among 
the  constellations,  according  to  the  point  of  view  from  which  they  were  con- 
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templated.     The  same  astronomer  likewise  determined  both  longitude  and 
latitude,  andiixed  the  first  degree  of  the  former  at  the  Canaries. 

Since  then  men  of  great  abilities  have  arisen,  and  wonderful  discoveries 
have  been  made  with  regard  to  astronomy  in  general ;  but  to  those  con- 
cerning whom  we  speak  the  meed  of  unquaBfied  admiration  must  be 
awarded :  they  led  the  way  as  pioneers  along  a  path  which  few  had  trodden, 
and  made  discoveries  worthy  of  all  praise. 

We  now  recur  to  the  signs  of  the  zodiac,  which  poets  and  star-gazers 
have  equally  admired.  In  past  ages  poets  were  the  first  to  confer  signifi- 
cant names  upon  those  bright  luminaries  that  nightly  passed  throu^*the 
heavens ;  and  it  seems  as  if  the  sons  of  song  watched  also  with  unwearied 
interest  these  beauteous  signs,  that  follow  one  the  other  in  a  circling  dance ; 
indicating,  as  they  rise,  eras  of  husbandry,  with  the  coming  back  of  punctual 
birds,  and  the  opening  of  bright  flowers. 

The  name-  of  Zodiac  is  derived  from  a  Grreek  word  signifying  animal ; 
because,  with  the  exception  only  of  the  Water-carrier  and  Twins,  neither 
birds  nor  flowers,  nor  yet  symbolic  figures  have  found  a  place  among  them. 
To  borrow  the  language  of  inspiration,  **it  encircles  the  heavens  with  a 
glorious  [show ;"  the  ecliptic  cuts  it  as  it  were  in  two,  and  astronomers, 
availing  themselves  of  these  important  divisions,  more  readily  point  out  the 
relative  positions  of  all  stars.  With  reference  to  the  zodiac,  the  inner 
circle,  which  contains  the  Pole-star,  exhibits  by  far  the  most  brilliant  and 
numerous  constellations. 

Aquarius,  or  the  Water-carrier,  be- 
longs to  the  present  month.  No 
transmitted  light,  beaming  from  past 
ages,  gives  us  reason  to  suppose  that 
the  name  assigned  to  this  constellation 
symbolizes  any  benefactor  to  mankind. 
It  is  rather  believed  to  have  reference 
to  the  showery  character  of  the  month, 
in  whatever  country  the  name  was  first  given.  Job  speaks  concerning 
water  uras  of  the  firmament,  with  reference  to  clouds,  and  this  elegant 
appellation  is  uniformly  given  them  throughout  the  East. 


CHAPTER  II. 

FEBRUARY. 

"That  Btarr'd  Ethiope  queen  who  strove 
To  set  her  beauties  praise  above 
The  sea-njrmphs,  and  their  powers  offended."— Milton. 

Men  in  all  ages  have  regarded  national  calamities  as  the  consequence  of 
national  crimes.  This  the  Scriptures  teach.  When,  also,  the  light  of  true 
religion  gleamed  faintly,  and  imaginary  deities  were  substituted  in  the  place 
of  Him  who  is  Lord  of  all,  history  speaks  concerning  expiatory  sacnfioes^ 
offered  by  star  or  idol  worshippers,  wherewith  to  propitiate  whatever  fancied 
being  had  become  an  object  of  divine  honour. 

The  history  of  Andromeda  offers  a  case  in  point.  Much,  too,  of  valuable 
information  with  regard  to  ancient  manners  may  be  gleaned  from  its  various 
incidents,  and  some  important  lessons  from  considering  the  antagonistic 
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prinoiples  that  bore  sway  in  the  minds  of  those  whoee  names  are  inscribed 
among  the  stars. 

Firet,  then,  is  Casdopea,  wife  of  Oepheus,  king  of  Ethiopia,  and  mother  of 
Andromeda,  first  mentioned  because  her  reckless  pride  gave  occasion  for  the 
calamities  that  threatened  to  overwhelm  her  home  and  country.  The  age  in 
which  she  lived  pertains  to  remote  antiquity ;  it  forms  an  era  in  the  history 
of  mankind,  on  account  of  the  Argonautio  expedition,  coniectured  to  have 
taken  place  twelve  hundred  and  sixty-three  years  before  the  coming  of  our 
Lord,  and  in  which  King  Cepheus  bore  a  distin^^uished  part.  Those  who  are 
interested  in  comparing  events  will  find  that  this  important  expedition  oc- 
curred at  least  a  century  before  the  conquest  of  Egyptby  the  Shepherd  Kin^s, 
whose  great  oppression  rendered  the  name  of  shepherd  an  abomination  to  me 
natives  of  the  country,  and  caused,  in  after  years,  the  sons  of  Jacob,  whose 
trade  had  been  about  cattle  from  their  youth,  to  dweU  in  the  land  of  Egypt. 
Saul  and  David  had  then  no  place  in  history ;  neither  was  Rome  built  till 
at  least  seven  hundred  years  after ;  and  as  regards  the  land  in  which  we 
dwell,  its  inhabitants  were  equally  uncivilized  and  ferocious,  tattooed  like  the 
dwellers  in  New  Zealand,  and  mostly  clothed  with  the  skins  of  animals. 

Authentic  history  can,  therefore,  throw  but  little  light  on  the  period  of 
which  we  speak ;  but  Poesy — <*  celestial  maid!" — and  her  twin  sister,  Legend, 
have  much  to  tell  concerning  it. 

Cassiopea,  say  they,  was  a  proud  and  capricious  dame :  she  boasted  of  her 
beauty,  and  depreciated  that  of  Juno  and  the  Nereides — sea-nymphs  who 
dwelt  chiefly  in  the  ^gean  Sea,  and  often  danced  in  choruses  aroxtnd  their 
father,  Nereus. 

"Is  not  my  beauty  greater  far  than  those" — 

Thus  spake  the  queen — "Nereides  though  they  be, 
Pale  nymphs  that  haunt  where'er  the  streamlet  flows, 
Or  nde  in  sea-shells  o'er  the  briny  sea  ?" 

The  Nereides  heard,  and  they  prepared  for  vengeance. 

Morning  rose  in  beauty ;  the  sun  came  forth  from  his  glorious  canopy  of 
clouds ;  and  the  rippling  waves  of  the  ancient  sea  broke  in  gentle  murmurs  on 
the  shore.  Damsels  went  forth  to  their  pleasant  labours  by  foimtain  side,  or 
to  gather  the  golden-tinged  oranges  and  citrons  that  him^  in  clusters  beside 
the  fields  of  pulse.  The  king  was  in  his  hall  of  state,  the  queen  presiding 
with  her  ladies  at  their  looms ;  there  was  peace  within  the  city,  and  gladness 
in  the  country,  when  suddeidy  the  sky  was  overcast,  and  a  loud,  bustling, 
unusual  kind  of  wind  drove  the  dust  in  clouds. 

**  I  cannot  see  to  go  on  with  my  embroidery,"  said  the  chief  lady,  whose 
office  it  was  to  superintend  her  younger  companions ;  **  we  must  all  wait  till 
the  sky  is  clear  again."  And  thus  saying,  she  folded  her  hands  together,  and 
looked  towards  the  heavens. 

The  firmament,  however,  darkened  more  and  more;  and  presently  a 
messenger  came  in  haste  to  say  that  the  river  had  broken  its  bound.  Onward 
came  the  waters,  rolling  over  their  ancient  limits ;  fields  were  inundated,  and 
cottages  swept  away ;  while  the  terrified  inhabitants  rushed  tumultuously 
nto  the  city,  which  stood  on  rising  ground ;  but  presently  the  streets  were 
overflown,  and  the  whole  population  fled  with  one  accord  to  a  considerable 
eminence,  which  the  torrent  had  not  yet  gained. 

That  eminence  was  crowned  with  a  temple  of  exceeding  beauty,  and  shaded 
by  a4  olive  grove.  Jupiter  Ammon,  under  the  same  of  Osiris,  was  worshi]^^ 
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there,  s3nnbolic  of  the  sun,  and  representing  the  princijple  of  light  and  heat ; 
his  altars  were  not,  like  those  of  other  pagan  deities,  stained  with  the  blood  of 
human  victims ;  his  sacrificial  offerings  were  goats,  sheep,  and  white  bulls. 
Even  in  this  early  period  men  had  turned  from  thei  adoration  of  the  true  God, 
and  substituted  symbolic  worship ;  and  their  high  places  retained  a  strong 
hold  on  the  aJOfections  of  the  people,  who  ascended  them  at  the  dawn  of  day  to 
hail  the  first  appearance  of  the  luminary  whom  they  ignorantiy  worshipped. 

The  unwonted  clouding  of  that  luminary  was,  therefore,  regarded  as  a  proof 
of  his  displeasure.  "  Haste  ye,  priests,"  said  the  king ;  **  consult  the  oracle, 
according  to  your  wont ;  even  now  the  frantic  billows,  urged  by  fierce  winds, 
have  reaSied  the  base  of  the  eminence ;  thejr  prepare  to  scale  the  sides."  The 
priests  made  all  haste ;  there  was  no  lack  oi  beasts  for  sacrifice,  for  the  herds- 
men had  driven  their  choicest  herds  and  flocks  for  safety  to  the  mount ;  and 
many  a  terrified  animal,  after  struggling  throi^h  the  current,  had  rushed 
among  the  crowd.  Two  white  calves  were  ^uickljr  sacrificed ;  and  priests, 
attired  in  sacerdotal  vestments,  and  bearing  in  their  hands  branches  of  oak 
covered  with  acoms,  entered  a  solemn  wood,  which  clothed  the  hill  eastward, 
within  the  precincts  of  which,  and  beside  a  rushing  stream,  dwelt  the  priestess, 
whom  they  invoked  with  loud  cries,  for  already  the  usurping  waters  might  be 
seen  gleaming  among  the  trees  far  down,  yet  reaching  above  the  giant  roofs 
of  such  as  skirted  the  margin  of  the  wood. 

Slowly  came  forth  the  response.  **  Your  queen,"  said  the  oracle,  **  has 
drawn  upon  herself  the  vengeance  of  Neptune ;  die  has  boasted  of  her 
beauty,  and  derided  those  who  dwell  amid  rushing  waters.  One  only  ofiering 
can  save  her  husband's  realm  from  ruin.     Let  Andromeda  be  that  sacrifice — 

*  A  votive  offering  to  the  raging  main.' 

Bind  her  with  strong  cords  to  some  sea  rock,  and  dare  not  to  interfere,  what- 
ever fate  may  threaten." 

Who  can  describe  the  anguish  of  the  parents  when  listening  to  those  words 
of  augury  ?  They  still  soughtto  save  their  child,  and  hurried.,  together  with 
their  people,  to  the  highest  summit  of  the  hiU ;  but  the  waters  followed  hard 
after  them,  and  as  far  as  the  eye  could  reach  appeared  one  vast  sea-like  lake, 
covered  with  taging  billows/ each  of  which  seemed  as  if  urf  ed  onward  by  re- 
morseless genii ;  high  towers  and  domes  came  crashing,  thundering  down ; 
tall  cocoa- trees  were  submerged  to  their  branches,  and  yet  the  fiood  increased. 

**  Oh,  my  parents  1"  said  .Ajidromeda,  "  resist  no  longer,  I  beseech  you.  We 
must  all  pensh.  See  yon  not  that  the  waters  have  gained  the  first  grove  of 
olives  P  Quick,  quick  !  lett^e  consecrated  boats  be  lowered :  the  priests  will 
row  me  speedily  to  the  nearest  rock." 

And  the  boat  was  lowered :  it  bore  a  sacrifice  that  day  such  as  Ethiopia  had 
never  before  witnessed.  The  priests  rowed  hard,  and  wept  in  bitterness  of 
heart ;  for  Andromeda,  the  beloved  of  her  father's  house,  had  grown  up  among 
them.  The  billows  helped  on  the  boat — ^they  seemed  to  run  down  the  sides  of 
the  mount — ^thev  rushed  across  the  plains — they  went  sounding  towards  the 
sea,  bearing  witn  them  a  freight  of  boots,  for  *<  She  shall  not  die  alone  I" 
had  been  heard  as  ene  wild  cry  fhm  tiie  trembling  multitude. 

Pravers  such  as  never  had  aaoended  £romthe  land  of  Ethiopia  were  heard 
that  day.  They  invoked  neither  Jupiter  nor  yet  Neptune,  nor  any  of  those 
imaginary  beings  who  were  fabled  to  preside  over  the  destinies  of  men.  The 
temble  land-fiood  and  the  proqpeet  <a  certain  death  had  dissipated,  as  in  a 
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momeDt,  the  illusions  of  past  af  es ;  the  oneness  and  miglity  power  of  some 
all-presiding  Deity  seemed  to  fill  tiieir  minds,  and  to  Him  alone  they  prayed, 
as  having  the  power  to  saye. 

Andromeda  was  firmly  bound ;  and  aronnd  her  the  raging  billows  tossed 
on  high  their  crests  of  foam.  Her  eyes  were  closed,  her  hands  folded  on  her 
breast :  she  looked  like  one  whose  tlionghts  were  not  of  earth — ^who  meekly 
submitted  to  lay  down  her  innocent  life  for  the  saving  of  her  father's  land. 
Suddenly,  and  with  a  terrible  rush,  came  up  a  monster  from  the  deep — half 
fish  and  half  serpent — and  made  towards  the  damsel ;  and  as  suddenly  sprang 
forth  the  strong  men  from  their  boats,  heedless  of  oracle  or  Neptune ;  but, 
alas !  they  were  unarmed,  and  their  deafening  shouts  were  unayailmg  to 
intimidate  the  monster.  The  parents  in  their  agony  had  fallen  to  the  ground  ; 
but  the  hideous  reptile  having  struggled  over  a  sunken  rock,  and  being  in  the 
act  of  sliding  down  the  side  nearest  his  victim,  was  suddenly  arrested  by  a 
flashing  sword — that  of  a  stranger  youth,  who  boldly  advanced  to  the  rescue. 
The  conflict  that  ensued  was  terrible  to  witness*  The  reptile  sought  to 
enwrap  his  opponent  in  his  flapping  fijis,  while  he  lashed  the  billows  into 
foam ;  but  the  stranger,  eludii^  his  attack,  gave  him  a  dire  thrust,  and 
escaped  behind  a  jutting  rock.  The  reptile  followed  him  with  open  mouth, 
and  would  have  seized  upon  his  enemy,  had  not  the  rock  proved  a  barrier  to 
his  further  progress.  One  moment  more,  and  while  the  nideous  eyes  of  the 
creature  glared  furiously  within  reach,  a  rapid  stroke  from  the  good  sword  of 
the  young  prince  deprived  him  of  sight.  Oh  the  terror  and  the  gladness  of 
that  moment ! 

The  furious  serpent  raged  round  and  round ;  the*  waters  smoked  beneath 
the  lashing  of  his  tail,  and  his  yells  were  horrible  to  hear.  Happily  the  first 
thrust  had  entered  a  vital  part,  and  his  strength  quickly  failea.  A  few  more 
efforts — a  few  more  openings  of  his  wide  jaws,  as  if  eager  to  devour  his  prey — 
and  he  lay  dead  upon  the  waves. 

**  Let  us  drag  him  out,  and  hang  up  his  skin  in  the  temple  on  the  naount," 
said  a  troop  of  young  men,  who  came  running  from  the  Libyan  side.  "  No," 
said  Perseus — ^for  such  was  the  stranger's  name — "let  us  rather  return  thanks 
to  the  Ruler  of  heaven  and  earth,  who  alone  checked  the  land  -flood,  and 
strengthened  my  arm  to  overcome  the  terrible  sea-monster,  who  would  other- 
wise have  devoured  me." 

"Andromeda,  thy  gentle  name  is  blended 

With  that  bngnt  star  which  near  to  Perseus  waits, 
Rising  with  him  and  waning,  thou,  descended 

From  a  long  Ime  of  kings,  and  chief  estates ! 
Now  moving  through  the  calm  and  silent  nigbt, 

All  sorrow  past,  all  mortal  care  ^one  by ; 
The  stars  that  bear  your  names,  with  purest  li^ht. 

Beam  on  each  lone  grave  where  your  ashes  he. 
And  calmly  seated  in  her  starry  chair. 
The  chasten' d  mother  beams  effulgent  there." 

The  courage  and  devotedness  of  Andromeda  are  so  inexpressibly  touching, 
that  wherever  her  consteUation  becomes  visible  with  that  of  Cassiopea,  some 
affecting  incidents  are  connected  with  them.  The  Italian  peasant  sings  con- 
cerning the  wayward  queen,  and  her  meek  and  devoted  child,  beneath  the 
shade  of  olive  groves.  The  Savoyard  hails  the  rising  of  his  favourite  stars 
over  rooks  and  waterfalls,  and  strikes  up  the  merriest  tune  to  their  honour. 
Even  the  Swedish  peasant,  who  has  heard  their  tale  in  songs  which  have  been 
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handed  down  from  father  to  son  since  the  days  of  Linnjeus,  associates  with 
them  that  small  purple  flower  which  grows  in  swamps  and  peat  bogs,  amid 
the  wildest  solitudes.  "This  plant,"  said  the  Swedish  naturalist  who  first 
discovered  it  in  the  marshy  parts  of  Lapland,  "  shall  be  named  Andromeda." 
The  Ethiopian  princess  was  chained  to  a  sea-rock ;  the  billows  reached  her 
feet,  as  fresh  water  the  roots  of  this  beauteous  evergreen.  A  fierce  dragon 
infested  the  ocean  beside  which  her  doom  was  fixed,  as  toads  and  other  reptUes 
infest  the  abode  of  her  vegetable  prototype.  Andromeda  cast  down  her 
blushing  head  from  excessive  affliction,  and  the  rosy-coloured  flower  hangs  its 
petals,  which  grow  paler  and  paler,  till  she  dies  away.  Perseus  bravely  came 
to  the  rescue  of  the  maiden ;  and  summer — which  he  may  be  thought  to 
symbolize — dries  up  the  suiTounding  waters,  destroying  by  his  beams  such 
monsters  as  lui'k  therein,  and  restoring  the  plant  to  Hber^,  who  then  carries 
her  head,  the  capsule,  erect. 


•if..^^'^ 


Star  of  the  first  magnitude. 


Star  of  the  second  magnitude. 


Star  of  the  third  magnitude. 


Thus  closes  the  history  of  Andro- 
meda and  its  associations ;  of  Cassiopea 
also.  He  who  wishes  to  become  ac- 
quainted with  the  form  and  place  of  such 
constellations  as  bear  their  names  may 
readily  discover  them  by  comparing 
the  heavens  with  his  chart ;  keeping 
steadily  in  view  that  they  desoriDe  a 
circle  round  the  Pole-star,  and  form  a 
family  group,  including  Cepheus  and 
Perseus — the  father  and  husband  of 
Andromeda — and  near  them  are  the 
Dragon  and  Great  Bear.  The  Pole-star, 
therefore,  is  the  termination  of  an  axis 
round  which  myriads  of  stars  revolve ;  and  the  reason  why  a  considerable 


&      Nebula. 


Star  of  the  fourth  magnitude, 
Star  of  the  fifth  magnitude. 
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number  seem  to  rise  and  set,  whilst  others  are  always  wible,  is  simply  that 
such  as  are  farther  removed  from  the  Pole-star  form  laiger  eirdes  than  jthose 
which  are  nearer — a  fact  which  may  be  readily  understood  by  observing  the 
motion  of  a  wheel :  the  axle  never  changes,  but  any  partioolar  point  on  the 
outer  edge  of  the  wheel  describes  a  larger  circle  than  such  parts  as  are  mid- 
way between  the  centre  and  the  circumference. 

Our  readers  must,  however,  bear  in  mind  that  stars  actually  neither  rise 
nor  set ;  that  this  beautiful  effect  is  caused  by  the  daily  motion  of  the  earth 
on  its  axis,  to  which  we  owe  the  grateful  vicissitudes  of  day  and  mght. 
And  in  order  to  assist  them  in  discovering  that  beacon  star  which  is  aU- 
important  in  finding  the  position  of  manv  others,  we  shall  briefly  again 
repeat,  that  if  we  suppose  the  distance  nrom  the  northern  point  of  oar 
horizon — where  the  mighty  dome  of  heaven  seems  to  rise  from  off  the  earth 
to  the  zenith,  which  is  immediately  above  our  heads — ^to  be  divided  into  five 
equal  parts,  then  at  nearly  the  height  of  three  of  those  divisions  gleams  the 
Pole-star.  This  star  is  about  1°  10"  from  the  pole;  and  excepting  the 
small  circle  which  it  therefore  necessarily  describes,  it  is  always  in  the  same 
position,  whether  by  day  or  night,  summer  or  winter.  The  southern  axis, 
on  the  contrary,  is  not  distinguished  by  any  analogous  star,  or  clusters, 
resembling  the  Great  and  Lesser  Bears.  As^onomers  relate  that  none  of 
the  stars  in  that  quarter  form  circles,  for  that  all  appear  to  rise  or  set. 
Still,  however,  the  semicircles  or  portions  of  semicircles — usually  called  arcs 
— which  they  describe,  seem  to  nave  a  common  centre  at  some  distance 
below  the  horizon ;  and  this  may  be  considered  as  the  southern  end  of  that 
great  axis,  which  is  so  gloriously  studded  at  its  northern  poiat. 

Ciroumpolar  is  a  term  usually  applied  to  all  such  stars  as  revolve  around 
the  poles.  Those  which  never  rise  nor  set  to  an  inhabitant  of  Ix>ndon,  and 
which  are  uniformly  visible  unless  obscured  by  clouds,  or  disappearing  in 
the  blaze  of  day,  are  called  stars  of  perpetual  apparition,  being  constantly 
above  the  horizon.  This  term  pertains  to  all  such  as  belong  to  the  constel- 
lations of  which  we  have  just  now  been  speaking. 

Persons  who  watch  from  night  to  night  the  rising  of  those  stars  that  gem 
the  heavens  will  find  it  important  to  remember,  toat  while  the  gHttering 
hosts  seem  to  move  round  the  earth  from  east  to  west,  in  consequence  of  its 
daily  rotation,  they  become  visible  about  3'  58''  earlier  every  evening,  and 
thus  may  be  thought  to  gain  nearljr  one  whole  revolution  more  than  the 
sun  during  the  year.  This  is  occasioned  by  that  lundnary  appearing  to 
progress  among  the  constellations  of  the  zodiac  from  west  to  east,  in  con- 
sequence of  the  earth's  annual  rotation.  And  in  order  to  the  better  nnder- 
standinff  of  this  portion  of  our  subject,  it  is  needful  to  observe,  that  the 
term  sidereal  day,  which  often  occurs^  signifies  the  revolution  of  the  earth 
on  its  axis  in  23h.  d6m. ;  being  the  time  which  elapses  from  the  appearing 
of  a  star  upon  the  meridian  till  its  coming  there  again.  If  the  earth  was 
stationary,  this  period  would  comprise  our  dav ;  but  such  is  not  the  case : 
and  the  rolling  ball,  on  which  we  live  and  move,  advances  nearly  one 
degree  in  its  daily  orbit. 

When,  at  this  season  of  the  year,  the  nights  are  frosty  and  the  heavens 
cloudless,  most  glorious  stars  are  revealed  in  all  directions ;  we  shall,  theie- 
fore,  defer  speaking  at  lar^  concerning  the  fixed  stars  tiU  the  year  is  moie 
advmeed,  and  constellations  are  scarcely  visible  in  the  light  niffhts  of 
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Pisces  is  the  twelfth  and  last  sign  of  the  zodiac,  and  althonffh  the  least 

Andromeda  attractive,  is  one  of  the  largest  con- 

Fegaaus  stellations  pertaining  to  the  northern 

hemisphere.  Unlike  many  others,- it 

does.not  consist  of  an  isolated  figure, 

_  ^  hut  is  composed  of  three  parts,  viz., 

jLries    J^^^  of  two  fishes,  at  a  little  distance  from 

each  other,  connected  hy  a  line  or 
.  cord.  The  fishes  are  not  large,  bnt 
the  line  is  widely  extended,  and  lies 
between  them  in  a  very  undulated 
position.  No  probable  conjecture  can 
be  formed  as  regards  the  species,  nor 
has  any  distinctive  name  been  assigned  them ;  they  are  merely  represented 
as  thick  and  short,  with  large  heads,  wide  mouths,  and  forked  tails,  and 
having  a  kind  of  ring  afGixed  to  each  tail,  from  which  the  cord  depends.  This 
43ord,  m  order  to  comprise  the  greatest  possible  number  of  stars,  appears  flat, 
xmd  somewhat  broad,  extending  not  in  a  straight  line  from  one  fish  to 
Another,  but  circuitous,  and  ornamented  towards  the  middle  with  a  kind  of 
knot. 

Astronomers  have  not  assigned  any  star  of  the  first  brilliancy  to  this  con- 
stellation ;  such  as  compose  it  are  mostlv  of  the  second  or  third  magnitude, 
and  yet  they  are  disposed  so  equally  and  regularly  that  the  entire  sign  may 
he  readily  discerned. 

The  neighbouring  constellations  are  those  of  Aries,  Andromeda,  Pegasus, 
Aquarius,  and  the  Whale.  The  upper  fish  lies  in  a  position  perpendicular 
to  the  ecliptic,  while  the  lower  is  nearly  horizontal ;  the  former  verges  on 
Andromed!a  and  the  Ram,  the  latter  on  the  pitcher  belonging  to  Aqnarius, 
and  the  back  and  wing  of  Pegasus. 

Among  the  eight-and-forty  constellations  which  Greek  astronomers  de- 
xived  from  their  Eg;^tian  brethren,  and  which  have  been  transmitted  to 
the  present  day,  the  Fishes  have  retained  their  form  and  station  unaltered. 
True  it  is  that  whereas  Hipparchus  and  Ptolemy  assigned  onljr  thirty-eight 
stars  to  this  sign,  Flamsteaa  enumerates  one  hundred  and  thirteen,  but  no 
attempt  has  been  ever  made  to  improve  its  nngainly  appearance.  The 
Greeks,  that  imaginative  race,  who  peojjled  their  groves  and  streams  with 
ideal  beings,  referred  the  origin  of  their  favourite  constellations  to  some 
historic  event  or  poetic  legend.  It  was  otherwise  with  the  Egyptians ;  they 
adopted  such  figures  as  characterize  the  twelve  signs  of  the  zodiac,  with 
reference  to  the  changes  of  the  seasons  or  country  occupations :  the  con- 
stellation Pisces  therefore  denotes  the  approach  of  spring,  and  the  seas9n 
for  fishing. 


CHAPTER  in. 

ICARCH. 

'^  Ye  stars,  that  ere  the  poesy  of  heaven." 

INoNE,  perhaps,  among  the  constellations  are  more  pleasing  and  conspicuous, 

:iione  undoubtedly  more  si^estive  of  poetic  thonghts  and  kindly  feelings, 

*tihan  the  Pleiades,  or  Yergiuw. 
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Daughters  were  they  of  Atlas  and  Pleione,  or  JBthra,  one  of  the  Oceanides. 
Their  father,  T^i^ig  of  Mauritania,  was  equally  renowned  for  his  wisdom 
and  great  w^th ;  ne  was  the  master  of  a  thousand  flocks,  and  his  gerdens 
were  everywhere  celehrated  for  the  variety  of  their  fruits  and  flowers. 
These  gardens,  intrusted  to  a  careful  warder,  amply  repaid  his  care,  and  so 
widely  spread  their  fsime,  that  when  Perseus,  the  deliverer  of  ijidromeda, 
chanced  to  pass  that  way,  he  requested  permission  to  gather  some  of  the 
ripe  fruit.  His  request  was,  however,  decidedly  refused :  Atlas  knew  his 
origin,  and  having  lent  an  anxious  ear  to  the  oracle  of  Themis,  which, 
da^y  uttered  from  amidst  groves  of  laurel  heside  a  rushing  stream,  fore- 
told that  the  King  of  Mauritania  should  fall  hefore  a  stranger  youti^,  driven 
by  fierce  winds,  and  stranded  with  his  mother  Danae  on  the  coast  of 
Seriphos,  one  of  the  Cyclades.  This  prediction,  as  poets  tell,  incited  Atlas  not 
only  to  refase  the  rites  of  hospitalitp^,  but  to  offer  violence  to  the  strange, 
who,  on  his  part,  being  unequal  in  strength,  and  but  slightly  armed,  drew 
from  beneath  his  vest  the  terrible  head  of  Medusa,  bristlmg  with  snakes — 
that  Medusa,  one  of  the  sister  Gorgons,  whom  he  had  subdued  in  the  deserts 
of  Asiatic  Scythia.  So  terrible  was  her  aspect,  men  said  in  those  far-off 
days,  that  none  could  look  upon  her  without  being  changed  into  stone. 
Perseus  therefore,  who  found  the  sisters  asleep,  looked  not  on  them,  but  <m 
his  burnished  shield,  which  reflected  every  object  as  clearly  as  a  looking- 
slsLBs ;  and,  stren^hened  by  Minerva,  the  goddess  of  Wisdom,  out  off  the 
head  of  Medusa  with  a  single  blow :  this  head  he  fixed  on  his  shield,  and  went 
forth  in  quest  of  adventures.  Presenting,  therefore,  before  the  sight  of 
Atlas,  that  tremendous  spectacle  which  none  might  look  upon  unharm^,  the 
monarch  was  instantly  changed-— yet  not  into  an  isolated  rock,  but  rather 
into  a  range  of  mountains,  as  became  his  kingly  dignity,  which  mountains 
ran  across  the  deserts  of  Africa,  east  and  west,  and  bore  his  name,  lifting 
their  conic  summits  to  the  clouds,  and  often  concealed  by  them.  Hence  the 
ancients  fable  that  they  upheld  the  magnificent  dome  of  heaven,  and  that 
Atlas  supported  the  world  on  his  shoulders — a  fable  which  originated, 
without  doubt,  in  the  well-known  fondness  of  the  Mauritanian  monarch  for 
astronomy,  and  from  his  frequenting  elevated  places  and  high  mountains 
to  watch  the  motions  of  the  stars.  Therefore  it  was  that  when  his  seven 
daughters  were  carried  away  by  Busiris,  King  of  Egypt,  but  redeemed  by 
Hercules,  conqueror  of  the  Nema)an  lion,  and  to  whom  the  white  poplar  is 
especially  dedicated,  the  father  rewarded  his  services  by  instructions  in 
astronomy,  and  the  present  of  a  celestial  globe.  This  knowledge  Hercnks 
communicated  to  the  Greeks,  and  from  this,  also,  originated  the  fable,  thi* 
Hercules  eased  for  some  time  the  heavy  burden  borne,  by  Atlas,  taking  ofl 
his  own  shoulders  the  crushing  weight  of  the  universe. 

Amidst  the.  dim  obscurity  of  this  wild  history,  facts  are  yet  discoveralite 
that  bear  on  the  origin  of  science.  They  go  far  to  show  that  gardening*and 
astronomy  occupied  the  attention  6f  one  of  the  greatest  men  belonging  to  i 
period  antecedent  to  the  historic  era,  but  whose  name,  inscribed  among  tie 
stars,  and  written,  as  it  were,  on  that  vast  range  of  mountains  from  idiick 
the  Atlantic  Ocean  takes  its  name,  has  been  renowned  throughout  all  ages. 
The  existence  of  a  celestial  globe,  with  the  giving  of  instruction  as  a  revaid 
for  valour,  and  the  passing  also  of  astronomic  science  from  Mauritania  into  I  c 
Greece;  are  equally  authenticated  facts.  We  learn,  moreover,  that  strangen  |  « 
demanded  as  their  due  the  exercise  of  hospitality  in  those  early  ages ;  also  ^\    ^ 
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baneful  inflnence  of  obscure  oracular  predictions  on  the  most  enlightened 
minds. 

Poets  have  sung  conceminff  the  seven  daughters  of  Atlas  and  Pleione — a 
nymph  of  ocean  birth ;  and  doubtless  poets  in  all  ages,  though  an  imagina- 
tive race,  drinking  of  the  waters  of  Helicon,  and  loving  to  range  through  a 
world  of  their  own  creating,  preserved  facts  that  must  otherwise  have  been 
lost  in  the  obscurity  of  time.  We  owe  much  to  them,  and  in  preserving  a 
brief  memorial  of  those  seven  sisters,  they  offer  to  mankind  beautiful  and 
impressive  examples  of  filial  love  and  sisterly  affection. 

The  name  Pleiades  is  derived  from  a  Greek  word,  signifying  to  saily 
because  their  rising  was  hailed  by  navigators  as  a  favourable  time  for 
venturing  to  sea;  Vergilia,  from  rcr,  the  spring^  when  the  Ornithian 
winds  blew  softly,  and  the  swallow  returned  to  her  nest ;  when  also  the  kite 
and  nightingale  appeared  in  Greece,  and  trees,  according  to  an  ancient 
Calendar  of  Flora  made  by  Theophrastus,  began  to  put  forth  their  leaves. 

Each  sister,  as  legends  tell,  married  an  immortal  being,  with  the  exception 
of  Merope,  who  allied  herself  to  Sisyphus,  King  of  Corinth ;  and  her  star,  in 
consequence,  became  somewhat  dim.  It  is  said  concerning  them,  that  while 
living  with  their  parents,  they  were  also  called  Hesperides,  from  the 
garden  of  their  father — ^that  celebrated  garden  which  abounded  with  the 
choicest  fruits,  and  where  grew  those  golden-tinted  apples  which  Hercules 
longed  to  possess.  Often  in  a  summer  evening  did  Atlas,  laying  aside  the 
cares  of  state,  go  forth  with  his  seven  daughters  amid  his  fruits  and  flowers, 
telling  them  concerning  their  names  and  natures ;  how  the  opening  of  one 
flower  preceded  the  expanding  of  another,  and  the  return  of  punctual  birds 
from  other  climes ;  how,  also,  he  guarded  with  jealous  care  those  richly- 
loaded  trees,  which  appeared  as  if  covered  with  golden  fruit,  because 
throughout  the  vast  extent  of  Africa  no  other  monarch  was  believed  to 
possess  them. 

Often,  too,  when  Silence  and  her  sister  Twilight  came  forth  with  the 
** folding  star"  of  the  latter,  shedding  refreshing  dews,  and  drawing  a 
gradual  dusky  veil  over  those  bright  gardens  and  ample  fields,  where  herds 
and  flocks  lay  down  to  rest,  might  the  gay  train  of  nymphs  be  seen  accom- 
panying their  sire  to  the  summit  of  some  near  hill.  "  Look,  my  daughters,*' 
LC  woiud  say  to  them,  '*on  the  myriads  of  stars  that  seem  to  stud  the 
heavens.  How  beautiful,  and  yet  how  varied  in  their  forms  and  brightness ! 
Some  are  dimly  seen,  others  sparkle  gloriously  above  our  heads.  Yonder  are 
Orion  and  Mazzaroth,  and  a  cluster  of  stars  towards  the  north.  Look  care- 
fully upon  them,  and  you  will  readily  discern  that  though,  like  the  sands 
u^n  tiie  sea-shore,  they  are  innumerable,  and  seem  inseparably  inter- 
mingled, they  yet  form  groups  which  mostly  rise  and  set  as  seasons  come 
and  go,  which  invariably  indicate  the  leafing  of  trees,  and  the  opening  of 
wild  flowers,  and  point  out  to  the  husbandman  and  sailor  when  each  should 
plant  his  fleld  or  adventure  on  the  sea." 

Thus  instructed,  and  attentive  to  their  sire,  went  forth  the  daughters  of 
Atlas  into  other  realms.  Alcyone,  whose  name  is  borne  by  sea-birds, 
espoused  Ceryx,  King  of  Traohima.  Merope,  as  already  noticed,  dwelt  in 
Corinth,  which  her  husband  founded.  The  mists  of  ages  obscure  the  homes 
of  Maia,  Electra,  Celeno,  and  Targete.  Sterope  married  JBnomaces,  King 
of  PisQca,  a  powerful  and  flourish!]^  city  of  Etruna,  and  who  is  conjectured 
to  have  greatly  assisted  her  husband  in  its  internal  regulations.    Judging 
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also  from  the  faint  light  that  history  has  oast  on  events  oonneoted  with  the 
seven  sisters,  on  achievements  likewise  assigned  to  their  sons,  and  on  im- 
provements in  their  adopted  countries,  we  may  conjecture  that  each  sister 
shed  a  blessing  on  her  home,  and  carried  to  other  lands  the  kiu>wledge 
which  she  had  derived  from  her  sire. 

Astronomers  in  all  ages  have  loved  to  describe  the  Pleiades :  beautiful 
they  are,  and  readily  distinguished  among  their  brethren:  many  have 
admired  the  group  of  stars  that  bears  their  name,  who  yet  are  litUe  con- 
versant with  their  history.  Henceforth  we  trust  that  those  who  seek  for 
them  in  clear  evenings,  from  the  end  of  August  till  the  middle  of  AprH, 
will  remember  the  fiUal  love  and  sisterly  aii'ection  of  those  who  are  thus 
immortalized — their  love  of  stars  and  flowers,  and  the  hallowed  influence  of 
their  domestic  virtues. 

Seven  stars  were  originally  assigned  to  this  group,  each  of  which  may  be 
distinctly  seen  in  clear  frosty  nights,  although  of  (uflerent  lustre.  Modem 
discoveries,  however,  have  shown  that  although  the  unassisted  eye  can  see 
only  this  restricted  number,  the  telescope  reveals  a  much  larger  assemblage. 
Dr.  Hook,  formerly  professor  of  geometry  in  Gresham  Collie,  informs  us 
that  by  the  aid  of  nis  twelve-feet  telescope,  which  magnifled  about  seventy 
times,  lie  discovered  seventy-eight  stars  in  this  interesting  group. 

*'  Canst  thou  bind  the  sweet  influence  of  the  Pleiades,  or  loose  the  bands 
of  Orion  F  Canst  thou  bring  forth  Mazzaroth  in  his  season  ?  or  canst  thou 
^ide  Arcturus  with  his  sons?  Knowestthou  the  ordinances  of  heaven? 
iJanst  thou  set  the  dominion  thereof  in  the  earth  ?"  Thus  spoke  a  voice 
from  out  the  whirlwind,  bidding  the  patriarch  Job  considor  the  wonders  and 
"the  glories  of  creation,  and  confess  nis  utter  inability  to  oomprek^iid  tiie 
ways  of  the  Most  High. 

The  aspect  of  the  heavens  is  extremely  beautiful  during  the  present 
month,  and,  perhaps,  as  some  of  our  readers  may  And  it  convenient  to 
examine  the  aifferent  constellations  rather  at  nine  than  ten,  we  shall  pre- 
sent them  with  their  general  appear-  ' 
ance  on  the  1st  of  March,  at  that  nour. 
Pegasus  and  Pisces,  with  several 
lesser  constellations  pertaining  to  the 
commencement  of  January,  have  dis- 
appeared; others  which  are  still  visible 
appear  less  elevated ;  and  some  have 
risen  to  a  considerable  height  above 
the  horizon.  Orion,  pre-eminent  in 
beauty,  isnowinthe  south-west  quarter 
of  the  heavens ;  the  Pleiades,  instead 
of  being  on  the  meridian,  are  due 
west,  at  an  elevation  of  34^  above  the 
western  point  of  the  horizon ;  Birius 
shines  west  of  the  meridian  in  a  direc- 
tion 8S.W. ;  Procyon  and  Canis  Minor 
occupy  nearly  the  same  position ;  and 
Castor  and  Pollux,  directly  noith  of 
Procyon,  have  likewise  passed  the 
meridian.  Thirty  decrees  to  the  west- 
ward of  the  zenith,  Capella  looks  down  from  his  starry  dwelling.      Men- 
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tor,  in  the  head  of  the  Whale,  beams  within  a  few  degrees  of  the  western 
horizon;  as  also  Aries;  while  Cassiopeia  occupies  a  north-westerly  direc- 
tion, though  somewhat  lower  than  in  January.  Deneb,  in  the  Swan,  verges 
on  the  horizon,  a  little  westward  of  the  north  point ;  Yega,  conspicuous 
in  the  Lyre,  gleams  at  a  short  distance  eastward.  About  18*^  above  the 
horizon  llie  head  of  Draco  may  be  discovered  in  a  N.K.E.  direction ;  the 
Great  Bear  has  attained  a  higher  elevation,  and  the  Pointers  are  in  a  direc- 
tion N.N.E.  Cor  Caroli  recalls  to  mind  the  eventful  era  to  which  it  owes  its 
name,  and  appears  in  a  direction  east  by  north,  about  midway  between  the 
zenith  and  horizon. 

Other  constellations  also  deserve  brief  notice,  as  conspicuous  in  the  pre- 
sent month.  Hydra,  of  which  the  largest  star  is  ALphard,  or  Cor  Hydrae, 
may  be  discerned  about  28®  above  the  horizon,  in  a  S.S.E.  direction,  beam- 
ing in  its  own  calm  beauty,  and  nearly  alone.  S.S.W.  is  Eegnlus,  one  of 
the  largest  stars  in  the  constellation  £00,  and  within  half  a  degree  of  the 
ecliptic.  This  splendid  star  may  be  readily  distinguished,  from  being  the 
largest  and  the  lowest  among  a  group  of  five  or  six  stars  that  form  a  curve 
or  figure  somewhat  resembling  a  sickle.  Eastward  of  Regulus  is  the  Lion*s 
tail ;  and  eastward,  also,  is  Sie  constellation  Virgo,  all^ou^h  many  of  its 
stars  are  still  beneath  the  horizon :  such  as  have  risen  are  midway  between 
Coma  Berenices  on  the  north,  and  Corvus  on  the  south :  the  former  consists 
of  a  cluster  of  small  stars,  lying  nearly  due  east,  and  about  midway  between 
the  zenith  and  horizon.  Arcturus,  the  chief  star  in  Bootes,  may  be  dis- 
cerned east  by  north  of  Coma  Berenices,  though  at  a  low  elevation.  Farther 
to  the  north,  and  even  nearer  to  the  horizon,  is  Corona  Borealis,  or  the 
northern  crown :  the  principal  star  is  called  Alphaoca — it  is  of  the  third 
magnitude,  and  11°  east  by  north  of  Bootes.  This  elegant  constellation  is 
eamy  distinguished  by  its  six  principal  stars,  which  somewhat  resemble  a 
wreath  or  crown. 

The  sun  enters  the  first  point  of  Aries  on  the  21st  of  March,  at  which 
*'  period  commences  the  vernal  equinox,  although  the  sun  is  actually  in  the 
constellation  Pisces ;  it  follows,  therefore,  that  the  sign  Aries  does  not  cor- 
respond with  the  constellation  that  bears  its  name,  and  in  solving  this 
problem,  which  is  necessary  to  be  understood,  we  cannot  do  better  than  avail 
ourselves  of  the  explanation  given  by  the  £ev.  Lewis  Tomlinson,  M.  A. : — 

*^  When  the  sun,  for  instance,  is  said  to  be  in  Aries,  it  simply  means  that 
he  is  situated  between  the  earth  and  that  zodiacal  constellation ;  and  when, 
in  olden  times,  he  was  about  coming  between  the  earth  and  Aries,  that 
position  was  called  the  first  point  of  Aries.  But,  in  order  to  obtain  a 
greater  precision  in  naming  the  position  of  the  source  of  light  at  any  other 
period,  Chaldean  observers  of  the  stars  divided  the  circle  described  by  him 
into  twelve  equal  parts,  without  any  very  strict  regard  to  coincidence 
between  those  parts  and  the  clusters  of  stars  from  whicm  they  were  named. 
Each  portion  was  further  divided  into  thirty  equal  parts,  called  degrees,  by 
which  arrangement  the  position  of  the  sun  could  be  determined  with  great 
accuracy.  Tnis  apparent  ntotion  of  the  sun  is  from  west  to  east,  or  from 
the  sign  of  Aries  to  Pisces,  and  results  fi'om  the  progress  of  the  earth  in  the 
same  oireetion." 

Ages  passed  on ;  and  men  observant  of  the  stars  discovered  that  the  sun 
did  not  occupy  the  same  position  in  the  constellation  Aries  on  the  21st  of 
March  as  ancient  astronomers  had  noted :  they  discovered,  also,  that  the 
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difference  was  occasioned,  not  by  a  motion  of  the  stars,  bnt  by  a  diange  in 
the  point  of  the  earth's  orbit,  at  idiich  the  two  hemispheres  aie  equally 
exposed  to  the  son,  and  which  is  generally  described  as  that  where  the 
plane  of  the  eqnator  cuts  the  plane  of  the  ecuptic.  This  point  is  called  the 
equinox,  becaose  day  and  night  are  everywhere  equal  whrai  the  sun.  is  at  ihe 
point  of  intersection.  The  precession  of  the  equinoxes  is  a  term  that 
uequently  occurs;  it  signihes  this  motion  of  the  eqoinox,  but  oim^t 
rath^  to  be  termed  the  recession,  because  they  appear  to  travel  haekward, 
while  the  signs  go  forward,  and  is  caused  by  the  attraction  of  the  son  and 
moon  for  the  mass  of  terr^trial  matter  at  tiie  eqnator.  The  preoeasiatt  is, 
however,  so  exceedingly  slow,  that  two  tjionsand  years  have  been  ooci^ied 
in  the  receding  of  the  equinoctial  points  through  one  sign,  or  thirty  degrees, 
from  the  point  where  it  was  fixed  lyy  Hipparchus,  the  mther  of  as&onomy. 
If,  therefore,  the  reader  should  chance  to  meet,  in  astronomical  works  or 
almanacs,  with  such  expressions  as,  **  the  Moon  is  in  Aries,"  or  **  a  oonjune- 
tion  wOl  take  place  in  Libra,"  he  must  look  for  this  event  in  the  cluster  of 
stars  forming  those  constellations,  although  assured  that  the  sun,  oor  moon, 
or  planets,  are  much  nearer  to  him  than  t£e  constellations  that  fonn  a  khid 
of  oackground,  and  to  which  they  apparently  belong. 

Astronomers  of  the  olden  times, 
who  determined  the  twelve  divisions 
of  the  heavens,  and  marked  the 
clusters  of  stars  pecnliar  to  each, 
gave  to  the  three  constellations, 
through  which  the  sun  passes  during 
the  spring,  names  of  such  animals 
as  they  most  especially  valued.  The 
first  was  called  Aries,  or  the  Ham ; 
the  second,  Taurus,  or  the  Bull ;  the  third,  Gemini,  or  the  Twin  Goats, 
which  were  afterwards  changed  by  the  Greeks  into  Castor  pnd  Pollux. 

These  names,  originally  apphed  as  they  stood  connected  with  events' 
relating  to  pastoral  iSe,  gradually  acquired  a  sacred  character.  Shepherds 
were,  undoubtedly,  the  first  astronomers ;  they  often  guided  their  course  at 
night  over  the  vast  plains  of  Egypt  and  Chaldea  by  the  stars ;  they 
observed  the  connection  which  subsisted  between  the  passage  of  the  sun 
through  different  portions  of  the  heavens,  and  named  the  stars  within  his 
range  after  the  ohjects  most  familiar  to  their  sight.  Hence  their  zodiac 
displayed  the  beautiful  constellations  above  mentioned,  associated  with  the 
ammais  by  which  they  were  surrounded,  and  simply  recalling  images  of 
rural  occupation. 

It  was  otherwise  in  after  years ;  their  descendants  distinguished  each  by 
characteristic  attributes,  and  learned  to  regpard  them  as  objects  of  super- 
stitious and  idolatrous  veneration. 

Pan,  therefore,  in  the  earliest  mythologies,  is  portrayed  with  the  insignia 
of  the  goat,  and  Libyan  Jupiter  with  the  horns  of  the  ram ;  Osiris,  or  the 
sun,  assumed  the  same  character  during  th6  vernal  equinox ;  and  both 
Jupiter  and  Minerva,  whom  men  in  after  ages  idolatrously  worshipped, 
claimed  alike  the  a)gis,  or  goat-skin,  for  a  breastplate. 

Much  of  history  and  tracution  is  associated  with  the  mention  of  this  con- 
stellation, or  ratner,  perhaps,  of  the  animal  from  which  it  derives  a  name. 
The  Macedonians  were  denominated  .^eadesD,  or  the  goats'  people,  at  least 
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TO  hundred  years  before  the  era  of  the  prophet  Daniel ;  and  snch  is  the 
igin  of  so  strange  an  appellation.  Those  who  departed  from  the  worship 
:  the  true  God  seem  to  have  been  given  up  to  the  wildest  imaginings :  ihej 
insulted  oracles,  and  followed  wnatever  vague  or  ambiguous  directions 
ere  suggested  by  craft  or  policy.  Hence  it  was  that  Goranus,  the  first 
ing  of  (jrreeoe,  wnen  going  with  a  large  company  of  people  to  seek  a  settle- 
lent  in  Macedonia,  was  commanded  by  an  oracle  to  take  the  goats  for  his 
aides  to  empire.  He  accordingly  followed  a  herd  of  these  creatures,  that 
utened  to  shelter  themselves  m>m  a  violent  storm ;  but  the  country  being 
pen,  and  neither  rocks  nor  woods  within  reach,  they  went  on  till  they  came 
»  Egessa :  at  that  place,  accordingly,  Coranus  halted,  and  commenced  the 
ciilding  of  a  city:  he  made  the  goats  his  standards,  and  called  the  city 
Bgesa,  or  the  goats'  town ;  and  the  people  ^geadese,  or  the  goats'  people, 
he  city,  thus  singularly  founded,  became  in  after  years  the  burying-puice 
t  the  Macedonian  kings ;  and  moreover,  Alexander  the  Chreat,  mindful  of 
s  singular  origin,  gave  to  his  infant  son,  who  was  bom  there,  the  name  of 
lexander  ^gus,  or  the  son  of  the  goat. 

We  have  thought  it  desirable  to  give  the  letters  of  the  Greek  alphabet, 
I  they  continuaUy  occur  on  celestial  charts : — 


ALPHA 

a 

IOTA 

t 

BHO 

P 

BETA 

P 

KAPPA 

K 

SIGMA 

<rC 

GAMMA 

7 

LAMBDA 

\ 

TAXT 

r 

DELTA 

d 

MIT 

/* 

UP8IL0N 

V 

EPSILON 

c 

Nir 

V 

PHI 

0 

ZETA 

K 

XI 

1 

CHI 

X 

ETA 

f 

OMICBON 

o 

P8I 

^ 

THETA 

e 

PI 

TT 

OMEGA 

Of 

CHAPTER  IV. 

APBIL. 

''How  beautiful  the  scene !    Ten  thousiind  stars 

Move  in  the  heavens  at  their  *own  free  will.' 

The  moon,  her  higher  destiny  to  fill, 
Bideth  resplendent  as  the  shield  of  Mars ! 
The  sea  beneath  is  tranquil  as  a  child 

Hush'd  by  caresses  on  its  mother's  breast, 

There  sleeping  like  a  statue  that  doth  rest, 
By  dreams  unmoyed."  Edwabd  Moxon. 

April  is  a  charming  month  for  star-gazing ;  the  nights  are  less 
old  and  frosty  than  in  March,  but  the  constellations  sparkle  with  equal 
»eauty. 

Look  towards  the  Pole-star,  and  hold  that  part  of  the  starry  circle 
ippermost  which  is  opposite  to  the  beginning  of  April.  You  will  readily 
»erceive  that  such  stars  as  are  delineated  on  the  upper  portion  appear  not 
ar  from  the  zenith,  or  nearly  overhead ;  others,  on  the  lower  part,  seem 
rerging  on  the  horizon;  those  to  the  right  occupy  situanons  east- 
ward; those  on  the  left,  positions  westward,  though  differing  in  eleva- 
ions.     At  a  considerable  height  above  the  Pole-star  are  the  two  pointers 
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of  the  Great  Bear;  and  at  nearly  an  equal  distance  beneath,  shines 
the  constellation  Cassiopese.  Westward  of  the  Ethiop  qneen  is  stationed 
Perseus,  of  which  Algenib  is  the  chief  star ;  and  both  are  at  only  a  small 
elevation  above  the  northern  horizon.  Eastward  of  Cassiopeia  is  Cepheus^ 
presenting  a  kind  of  square  or  rhombus,  formed  of  four  stars,  two  of  the 
third  and  two  of  the  fourth  magnitude,  among  which  Alderamin  is  the  most 
conspicuous.  Stars  further  to  the  east,  and  holding  a  more  elevated  posi- 
tion, mostlv  pertain  to  the  constellation  Draco,  or  the  Dragon,  coiling 
at  apparently  a  short  distance  from  the  Pole-star ;  and  nearly  due  east  is 
the  star  Etanim,  belonging  to  tibis  constellation;  Westward,  or  on  the  left 
hand,  and  almost  opposite  to  Etanim,  are  bright  stars  composing  the  con- 
stellation Auriga.  Among  these  Gapella  and  Alajoth  shine  conspicuous :  the 
former  appears  nearly  W.  by  )3.  from  the  Pole-star,  at  a  considerahle 
elevation ;  with  Menkalina,  pertaining  also  to  Auriga,  and  beaming  east- 
ward. The  chief  stars  connected  wim  the  Great  Bear,  although  fignred  as 
guides  amongst  the  starry  glitter,  are  too  well  known  to  render  any  further 
desoription  necessary. 
Suon  are  the  prominent  constellations  which  diversify  the  northern  part 
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of  the  heayens  abont  the  begiiuiing  of  this  pleasant  month,  when  stars  and 
ilowers  delight  equally  the  astronomer  and  botanist.  There  are  also 
several  bnlliant  stars  of  the  first  magnitude  which  require  notice.  Look, 
therefore,  E.  by  S.,  and  the  beauteous  star  Arcturus  may  be  seen  in  the 
constellation  Bo5tes,  about  midway  between  the  horizon  and  the  zenith : 
north-east  appears  a  star  of  not  less  beauty — ^Vega  or  Lyra,  elevated  20^ 
above  the  horizon,  in  a  direction  nearly  opposite  Capella.  Deneb,  pertaining 
to  the  Swan,  shines  farther  north,  and  at  a  lower  elevation  than  the  Lyre. 
Midway  between  the  western  horizon  and  the  zenith,  yet  verging  to  the 
west,  Castor  and  Pollux  recall  the  thoughts  to  a  period  of  remote  antiquity. 
Purtiier  down,  and  nearly  on  the  horizon,  almost  due  west,  are  Beteljgeux 
and  Ballatriz,  in  the  dioulders  of  Orion,  who  has  partially  descended  below 
the  horizon.  South-west,  and  midwaj[  between  Pollux  and  the  horizon 
gleams  Procyon,  a  star  of  the  first  magnitude,  in  Canis  Minor,  or  the  Lesser 


iiih.  reference  to  such  among  the  heavenly  luminaries  as  are  depicted  in 
the  circle,  it  must  be  held  in  mind  that  they  are  perpetually  visible,  leading 
a  circling  dance  above  the  horizon,  and  having  the  Pole-star  as  their 
centre. 

It  is  likewise  desirable  to  remember  that,  as  the  observer  is  supposed  to  be 
in  52®  north  latitude,  all  stars  within  52°  of  the  ^ole  never  descend  below 
the  horizon,  varying  as  the  weeks  roll  on ;  at  one  time  seemingly  above  the 
pole,  and  even  near  the  zenith ;  at  another,  even  below  that  point,  and 
verging  near  the  northern  horizon.  When  riding  high,  they  appear  to 
move  from  east  to  west ;  when  otherwise,  from  west  to  east.  Such  as  are 
near  the  Pole-star  describe  small  circles;  such  as  take  a  wider  range 
necessarily  describe  larger  ones ;  but  their  periods  of  apparent  revolution  are 
the  same — that  is,  23h.  56m.  4sec. 

Such  stars  as  we  have  thought  it  desirable  to  represent  are  prominent  and 
obvious  in  the  heavens ;  others  might  have  been  introduced,  but  they  would 
tend  to  perplex  beginners ;  uid  in  order  most  readily  to  estimate  apparent 
distances  between  the  stars,  as  also  from  the  horizon,  it  wiU  be  round  a 
great  assistance  to  bear  in  mind  that  the  space  between  the  two  pointers 
comprises  exactly  6°,  and  between  Dubhe,  nearest  to  the  pole,  and  the  Pole- 
star,  29°. 

We  recommend  our  readers  to  make  a  pasteboard  circle,  as  the  one  we 
have  pictured,  though  much  lai^er,  and  copy  the  stars  thereon ;  to  obtain, 
also,  a  square  board,  or  piece  of  thick  pasteboard^  and  form  a  larger  circle 
of  months  and  days,  the  lesser  drole  being  ajQixed  to  the  larger,  about  the 
centre,  so  as  to  move  readily.  An  astronomical  clock  may  be  thus  obtained 
for  pointing  out  the  hours  of  the  night,  and  showing  the  positions  of  the 
circumpolar  stars  at  any  hour  of  the  day  or  night.  The  idea  is  suggested 
by  a  most  ingenious  planetarium,  to  which  we  are  indebted  for  much 
instruction. 

Our  last  two  chapters  spoke  concerning  the  mythological  history  of  some 
distinguished  constellations ;  we  diaU  now  refer  to  thfe  phenomena  of  double 
stars  in  each,  as  discovered  by  the  aid  of  telescopes,  premising  our  remarks 
by  saying  that  little  was  known  with  regard  to  this  interesting  subject  till 
Sir  WHliam  Herschel  commenced  his  extensive  observations  on  the  sidereal 
heavens.  Astronomers  were,  indeed,  previously  aware  that  double  stars 
held  an  interesting  place  among  their  brethren,  but  they  had  not  extended 
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Tke;  iovitiMTn  kemuphefe  lercab  two  ktadicd  and  fiftr  sins  if  tihe  nne 
dMeriptiOii,  lewrdiDg'  to  tke  tcstiMOBj  cf  Mr.  Dankip ;'  and  dmiB^  a  late 
midHMe  at  the  Cape  of  Good  Hope,  Sff  James  Henekel  added  cmidenUT 
to  tibeb  fist  It  is,  therefimr,  eonjeetored  that  6^000  kaiie  hem,  madp  A 
nuHtct  of  aeeiirate  leseareh. 

Ccaneeted  witik  tke  mentioii  of  double  stan  is  tiiat  importnit  diswitei/ 
wiuek  realizes  the  fMt  of  a  progresnhre  wad  re^fular  diange,  bearing'  in  aoBM 
stars  ehieilj  on  their  positioa,  in  othen  on  tiieirdistanee,  and  wlddi  veanlts 
from  the  smaller  star  Tew^AiTDg  round  the  larger  in  an  dKptieal  or  eireolar 
orbit,  althongh  oceasionallj  both  itars  rerolTe  aroond  some  eentral  point. 
Thone  who  narrowly  obserre  the  hearens  by  aid  of  a  high  magnifjer  may 
readily  a«oertain  the  fact  of  a  reTolying  motien  in  such  stars  as  are  called 
donbk'.  At  one  time  the  latellite  or  smaller  star  disappears,  in  eonseqioence 
of  becoming  obccnred  while  passing  behind  the  other,  as  Jupiter  or  Venos 
is  occasionally  invisible  when  on  the  opposite  side  of  the  son,  <»>  the  satellites 
of  Jumter,  if  similarly  eircnmstanoed  with  regard  to  that  planet.  Three 
stars  nave  occasionally  been  seen  rerolying  abont  a  common  centre,  and 
eren  four  or  five. 

The  orbits  in  which  one  star  circles  round  another  are  generally  elliptical, 
similar  to  the  path  described  by  the  earth  and  other  planets  idien  rerohring 
round  the  sun,  as  also  those  in  which  the  satellites  of  Jupiter,  Saturn,  and 
Uranus  perform  their  revolutions.  These  orbicular  motions  are  either 
retrograae  or  direct,  or  in  the  same  direction  as  the  movements  of  our  own 
planets ;  and  very  curious  is  the  fact  with  regard  to  the  star  s-  Serpentarii, 
in  common  with  many  others,  that  the  revolving  star  appears  to  more  in  a 
straight  line,  and  to  oscillate  on  either  side  of  the  larger  star,  around  which 
it  revolves  in  a  manner  similar  to  the  satellites  of  Jupiter,  which  pass 
apparently  from  one  side  to  the  other  of  the  planet  in  nearly  straight  lines— 
an  effect  resulting  from  the  plane  of  their  orbits  being  nearly  in  a  line  -with 
the  oyc  of  the  observer.  When  Sir  WiUiam  Herschel  first  directed  his  atten- 
tion to  the  subject  of  double  stars,  the  two  stars  to  which  we  have  referred 
woro  distinctlv  separate.  At  the  present  time  the  lesser  star  is  so  completely 
projected  on  tno  other,  that  even  the  most  powerful  telescope  cannot  reveal 
any  separation ;  and  why  ?  Because  one  star  is  passing  across  the  diso  of 
the  other,  and  will  not  again  be  visible  till  after  the  lapse  of  many  years. 
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In  our  next  chapter  we  shall  instance  several  binary,  or  double  stars, 
belonging  to  such  of  .the  constellations  as  have  already  been  regarded  in  a 
legendary  or  historic  point  of  view. 

Taurus,  one  of  the  zodiacal  constellations,  pertains  to  this  month,  and  may 
readily  be  discovered  near  Perseus  and  Orion.  It  is  needful  to  remark  that 
the  sign  or  figure,  as  represented  in  the  earliest  charts,  and  retained  to  the 
present  day,  is  merely  fiie  front  portion  of  the  animal. 


CHAPTER  V. 

MAT. 

"May !  majestic  child  of  heaven, 
To  the  earth  in  glory  given ; 
"" J  foil 


Yerdant  hills,  days  long  and  clear, 

Come  when  she  is  hovering  near. 

Stars,  ve  can^not  journey  on 

Joyously  when  she  is  gone." — ^Davyth  ap  Gwiltm. 

{Fourteenth  century,) 

The  zodiacal  light  is  rarely  visible  in  this  country,  excepting  during  the 
months  of  April  and  May,  when  it  may  be  seen  in  clear  and  cloudless 
evenings  soon  after  sunset,  or,  at  the  opposite  season,  before  sunrise.  It 
resembles  a  cone  of  light  extending  from  the  horizon  obliquely  upwards,  and 
is  conjectured  to  be  a  rotating  ring  of  finely-divided  or  nebulous  matter, 
situated,  perhaps,  between  the  orbits  of  Venus  and  Mars,  but  certainly  ex- 
tending beyond  that  of  the  earth. 

Though  faint  and  dimly  defined  in  the  northern  regions  of  the  globe,  and 
totally  distinct  from  any  atmospheric  meteor  or  aurora  borealis,  those  who 
have  resided  in  the  zone  of  palms  must  ever  retain  a  pleasing  remembrance 
of  the  mild  radiance  of  this  beautiful  phenomenon,  which  rises  pyramidically, 
and  illumines  a  portion  of  the  unvarying  length  of  the  tropical  nights. 
Humboldt  speaks  of  it  with  enthusiasm,  as  occasionally  shining  with  greater 
brightness  man  that  of  the  Milk^  Way,  near  the  constellation  of  SagiUarius ; 
and  this  not  only  in  the  dry  and  highly-rarefied  atmosphere  of  the  Andes,  at 
elevations  of  thirteen  or  nrteen  thousand  feet,  but  also  in  the  vast  grassy 
plains  of  Venezuela,  and  on  the  sea-coast,  under  the  ever-clear  sky  of 
Cumana.  The  same  great  traveller  speaks  of  the  zodiacal  light  as  a  nheno- 
menon  of  imrivalled  beauty,  more  especially  when  a  small  fleecy  cloua  floats 
across  it,  and  seems  as  if  detached  from  the  illuminated  background.  A 
passage  in  his  journal,  during  a  voyage  from  Lima  to  the  west  coast  of 
Mexico,  especially  refers  to  such  a  beauteous  incident,  when  night  after 
night  the  zodiacal  light  appeared  with  a  magnificence  he  had  never  before 
seen;  and,  judging  from  the  brightness  of  the  stars  and  nebulae,  it  was 
evident  that  the  transparency  of  the  atmosphere  in  that  part  of  the  Pacific 
Ocean  which  lay  between  10"  and  14**  of  north  latitude  must  have  been 
extremely  great.  Humboldt  delighted  to  observe  the  glorious  aspect  of  the 
heavenly  luminaries ;  he  mostly  slept  on  deck,  and  watched  with  intense 
interest  those  celestial  phenomena  which  are  especially  conspicuous  in  the 
southern  hemisphere.  During  three  whole  nights,  from  the  14th  to  the 
16th  of  March,  and  during  a  very  regular  interval  of  three-quarters  of 
an  hour  after  the  sun  had  set,  no  trace  of  the  zodiacal  light  was  visible, 
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althongli  the  darknesB  was  great ;  bnt  searoely  had  an  hour  elapaod  before 
it  became  suddenlj  apparent,  extending  in  great  brightnen  between  Alde- 
baran  and  the  Pleiaaes,  and  on  the  18th  of  March  attaining  an  altitude 
of  39*"  6'.  LoDg,  narrow  elonda,  scattered  over  the  lovelj  azure  of  the  aky, 
apipeared  at  a  small  height  aboye  the  horixouy  as  if  in  firant  of  a  golden  enr- 
tain ;  somewhat  higher  up  were  ranged  other  douds,  Taiied  wiuk  «l>^«g«^g 
tints  of  the  greatest  beauty,  and  presenting  the  appearance  ef  a  aeoond  sun- 
set. Nor  was  the  phenomenon  itself  of  that  mild  radiance  which  seems  to 
possess  little  reality ;  its  diffused  li^ht  equalled  that  of  the  moon  in  her  first 
quarter ;  moreover,  a  mild  reflected  glow  was  visible  in  the  east.  Floating 
over  the  waters  of  the  Pacific,  with  measureless  depth  beneath,  and  im- 
mensity above,  it  seemed  impossible  to  dose  the  eyes  in  sleep  while  the 
light  of  which  we  speak  continued  to  illumine  the  heavens ;  it  suddenly  be 
came  visible,  but  did  not  lon^  continue ;  towards  ten  o'clock  it  gradually 
diminished  in  lustre,  and  at  midnight  scarody  a  trace  remained. 

While  exploring  also  the  tropical  re^ons  of  South  America,  the  same  en- 
texprising  traveller  noticed  witn  astonishment  variations  of  intensity  in  the 
zodiacal  light.  Having  passed  his  nights  during  several  months  in  the 
oijen  air,  and  under  a  serene  sky,  on  the  banks  of  great  rivers,  or  in  the 
midst  of  Tast  savannahs,  he  had  frequent  opportunities  of  carefnU^r  obaerying 
it ;  at  one  moment  shining  with  a  steady  light,  and  then  seeming  to  fiide 
away ;  again  suddenly  re-appearing  in  full  brilliancy,  with  an  muLulntxng 
motion.  Madame  Marian,  who  watched  this  beautifnl  phenomenan 
witii  the  deepest  interest,  mentions  having  once  observed  a  reddish  tinge 
connected  wim  it.  Ph>ces8es,  therefore,  were  conjectured  by  Humboldt  to 
be  ^oing  on  in  the  nebulous  ring  itself ;  or  dse  that,  although  in  the  lowtf 
region  of  the  atmosphere,  condensations  were  taking  place  at  a  higher  eleya- 
tion,  which  modified  the  transparency  of  the  air,  or  rather  its  TeAecting 
power,  in  some  peculiar  and  xmknown  maimer. 

Strange  it  seems  that  such  an  attractive  spectade  should  have  failed  to 
excite  the  attention  of  astronomers  before  the  middle  of  the  seventeenth  cen- 
tury ;  or,  to  borrow  the  language  of  the  author  of  Cosmos j  *'  that  it  should 
have  escaped  the  observant  Arabs  in  ancient  Bactria,  or  the  Euphrates,  and 
in  southern  Spain."  Such,  however,  is  the  fact ;  and  although,  even  in  this 
our  obscurer  sky,  the  zodiacal  light  is  distinctly  visible  in  the  beginning  of 
spring,  after  evening  twilight,  aboye  the  western  horizon,  and  at  the  end  of 
autumn,  before  the  dawn  of  day,  as  if  heralding  the  sun's  rising  in  the  east, 
the  earliest  description  of  it  is  contained  in  Childrey's  Britannia  Baeanica 
of  the  year  1661 : — "1  have  observed,"  said  he,  "several  years  together,  when 
twilight  hath  almost  deserted  the  horizon,  a  plainly  discernible  ray  of  the 
twilight  striking  up  towards  the  Pleiades,  and  seeming  almost  to  touch 
them ;  but  what  the  cause  of  it  in  nature  should  be,  I  cannot  yet  imagine, 
but  leave  it  to  further  inquiry."  The  same  phenomenon  was  farther  notioed 
by  Dominic  Cassini  about  twenty  years  later. 

Humboldt  mentions  also  that  most  probably  the  remarkable  light,  rising 
pyramidically  from  the  earth,  as  described  in  an  ancient  Alex,  manuscript 
now  in  the  ro^ral  library  at  Paris,  and  seen  in  the  eastern  part  of  the  sky 
during  forty  nights  successively  from  the  high  table-land  of  Mexico,  was 
that  same  beauteous  light  which  is  now  visible  in  the  temperate  zone. 

This  phenomenon,  doubtless  of  primeval  antiquity,  but  first  discoyered  in 
Europe  by  Childrey  and  Dominic  CassiDi,  cannot  be  regarded  aa  the  Inmi- 
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nous  atmosphere  of  the  sun  itself ;  it  is  ratlier  attributable,  as  already  men- 
tioned, to  an  extremely  oblate  ring  of  nebulous  matter,  revolving  freely  in 
space  between  the  orbits  of  Venus  and  Mars.  No  certain  judgment  can  be 
formed  concerning  the  true  dimensions  of  the  supposed  ring ;  but,  according 
to  the  opinion  of  Humboldt,  the  nebulous  partides  of  which  the  ring  consists, 
and  which  revolve  around  the  sun  according  to  the  same  laws  as  the  planets, 
may  either  be  themselves  luminous,  or  may  reflect  the  solar  light.  The  first 
supposition  is  not  inadmissible :  even  a  terrestrial  fog  showed  itself,  about 
the  middle  of  the  eighteenth  century,  at  the  time  of  the  new  moon,  and  in 
the  middle  of  the  night,  so  phosphorescent,  that  objects  could  be  distinctly 
recognized  at  a  distance  of  above  six  hundred  feet. 

Thus  far  we  are  indebted  to  the  accurate  observation  of  Baron  Humboldt 
in  his  Physical  Description  of  the  Universe ;  and,  before  dismissing  this 
portion  of  our  subject,  we  earnestly  recommend  our  readers  to  watch  carefully 
for  the  appearance  of  the  wonderful  phenomenon,  which  few,  perchance, 
have.  seen. 

Several  of  the  more  brilliant  constellations  have  disappeared.  Orion  has 
sunk  beneath  the  western  horizon,  and  among  the  stars  which  held  such 
prominent  stations  during  the  past  months,  Betelgeux  is  alone  visible.  Aries 
is  seen  no  longer ;  the  Pleiades  and  Aldebaran,  Caput  Medusa  and  Taurus, 
verge  on  the  borders  of  the  north-western  horizon ;  and  Sirius  is  completely 
set.  Southward  gleams  the  Hydra's  head,  with  Alphard,  its  chief  star;  and 
considerably  to  the  west  of  Alphard,  though  nearly  at  the  same  altitude,  are 
Canis  Minor  and  Prooyon.  Castor  and  Pollux  may  be  readily  discerned 
northward  of  Procyon,  nearly  midway  between  the  zenith  and  the  western 
point  of  the  horizon.  Nearer  the  north-western  horizon  than  the  zenith, 
though  widelv  separate,  is  Canella.  Cassiopeia  has  descended  from  her  elevated 
position,  ana  taken  a  humbler  place  near  the  northern  quarter  of  the 
heavens.  The  Great  Bear,  on  the  contrary,  shines  not  far  from  liie  zenith ; 
his  two  pointers  seem  directed  downwards  to  the  Pole-star.  Ke&^us  is  about 
22"*  west  of  the  meridian,  at  a  oommanding  elevation ;  Denebola,  pertaining 
also  to  the  lion,  is  on  the  meridian,  somewhat  higher  than  Kegulus ;  Arc- 
turus  looks  down  from  his  place  in  heaven,  in  the  direction  of  E.S.E. ;  and 
26"^  to  the  north-west  of  this  bright  star  is  Cor  Caroli,  near  the  zenith.   You 
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may  readily  discern  the  Northern  Crown  dne  east,  midway  between,  the 
zenith  and  the  horizon  ;  and  a  Lyra  shines  in  perfect  beauty.  Near  the 
north-east,  about  23^o  above  the  horizon,  in  the  N.N.E.  quarter,  gleams  tibe 
Swan ;  and  one  of  its  chief  stars,  Denebola,  is  about  14''  above  the  horizon. 
Draco  is  somewhat  higher — at  least  20°  above  a  Lyrae,  and  nearly  in  the 
same  direction. 

Now  look  towards  the  eastern  and  sonth-eastcfm  portions  of  the  sky. 
Yirgo,  libiu,  Tanms,  Poniatowski,  Serpentarins,  and  Hercoles  are  all 
visible.  Bpica  Yirginis,  a  bright  star  of  the  first  magnitode,  is  24"*  above 
the  horizon,  occupying  a  direction  S.S.E. ;  it  is  35^  somh-east  of  Denebola, 
and  nearly  the  same  distance  S.8.W.  of  Arctnms :  these  three  stars  form  a 
1^^  equilateral  triangle,  pointing  to  the  south.  A  simflar  triangle  next 
engages  the  attention,  inclining  northward,  and  consisting  of  Arctums, 
Denebola,  and  Cor  CarolL  Dir^  your  attention,  in  the  next  place,  nearly 
due  west,  at  a  small  elevation  above  the  horizon.  Has  Algethi,  chief  star  in 
Hercules,  beams  there ;  as  also  Bas  Alhagne,  &*  distant,  in  the  head  of 
Ophiuchus — the  former  is  the  brightest.  Southward  of  Serpentarins,  and 
eastward  of  Virgo,  shines  Libra,  of  which  the  two  most  promment  stars  are 
of  the  second  magnitude ;  the  one  named  Zubeneschamali,  21°  eastward  of 
Spica  Yirginis,  but  at  a  lower  altitude ;  the  other  Zubenesgemabi,  about  9V* 
higher,  towards  the  north-east,  although  occupying  a  position  in  the  south- 
east quarter  of  the  heavens,  and  slightly  elevated  above  the  horizon.  Ser- 
pentarins extends  between  Corona  Borealis  and  Libra ;  its  principal  star, 
iJnuk,  is  of  the  second  magnitude,  but  is  readily  discerned  by  observing 
that  it  is  nearly  in  the  middle,  between  two  lesser  stars,  the  lower  being 
2\%  the  upper  5|°  distant ;  moreover,  it  is  in  a  direction  E.S.E.,  about  24"* 
above  the  norizon. 

This  pleasing  constellation,  although  containing  fewer  stars  than  many 
others,  is  yet  of  considerable  importance,  and  mav  be  readily  distingxiishea. 
In  order,  therefore,  to  facilitate  its  recognition,  the  learner  will  do  well  to 
observe  that  when  Gemini  is  on  the  ecliptic,  the  back  of  the  r^ht-hand 
figure  is  towards  Cancer,  and  the  face  of  the  left  towards  Taurus.  The  Lynx 
appears  as  if  galloping  over  them,  the  hinder  feet  coming  near  the  Crab. 
Auriga  approaches  the  right-hand  figure ;  the  head  of  the  Unicom  is  beneath 
their  feet,  near  which  is  seen  Orion,  with  Canis  Minor  immediately  behind 
him. 

The  orbit  of  the  earth,  or  the  apparent  circle  described  by  the  sun  in  his 
annual  course,  passes  through  tne  midst  of  this  constellation,  from  the 
21st  of  June  till  the  23rd  of  the  following  month,  but  the  brightness 
of  the  solar  rays  renders  the  stars  of  which  it  is  composed  invisible. 
At  other  times  the  two  brilliant  stars  demoninated  Castor  and  Pollux 
shine  pre-eminent :  the  first,  the  northernmost  of  the  two,  is  a  star  of  the 
first  magnitude  ;  the  second,  situated  a  little  to  the  south-east,  is  consider- 
ably less  brilliant.  Castor  is  a  double  star,  the  smaller  being  invisible  to 
the  naked  eye,  yet  revolving  around  the  larger  with  a  slow  motion.  About 
20©  south-west  of  Castor  and  Pollux  are  three  small  stars,  nearly  in  a  straight 
line,  and  about  three  or  four  degrees  apart.  The  southernmost  lies  paraUel 
with  Pollux  and  the  star  Betelgettx,  pertaining  to  Orion,  but  somewhat 
nearer  to  the  former  than  the  latter.    These  stars  form  the  feet  of  the  Twins. 

We  have  already  mentioned  that  the  division  of  the  zodiac  into  constella- 
tions originated  in  Chaldea,  and  that  the  design  of  such  an  important 
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division  was  mainly  to  point  out  distinctive  periods  of  business  and  of  profit. 
Hence  the  Ram  designated  the  first  nortion  of  the  vernal  season ;  Taurus, 
the  second ;  and  Gemini,  or  Twin-Idas,  the  third.  In  Chaldea,  doubtless, 
originated  most  of  those  divisions  which  have  descended  to  the  present  age  ; 
from  thence  they  passed  into  Egypt ;  and,  although  no  longer  conveying  the 
meaning  that  was  intended,  and  which  bore  expressly  on  rural  occupations 
and  changes  of  the  seasons,  they  were  retained  by  Egyptian  astronomers,  in 
order  to  prevent  the  inconveniences  of  needless  innovations.  This  is  evident, 
because  Aquarius,  the  watery  constellation,  which  pours  the  rains  of  winter  from 
hisflowing  urn,  and  is  symbolic  of  cloudy  skies,  has  nought  to  do  with  Egypt ; 
for  in  that  country  it  never  rains,  and  winter  is  the  finest  season  of  the  year. 

The  Greeks,  that  imaginative  people,  who  delighted  in  the  wildest  legends 
of  bygone  days,  regardless  of  the  important  facts  which  yet  they  often 
darkly  hinted,  assigned  some  poetic  legend  to  most  of  the  constellations, 
and  Claimed  the  Twins  as  especially  originating  with  themselves.  Castor 
and  Pollux,  they  said,  are  immortalized  in  the  heavens ;  the  love  and 
friendship  of  those  heroes  are  worthy  the  imitation  of  all  brothers ;  their 
innumerable  exploits  and  deeds  of  heroism  may  well  be  inscribed  among 
the  stars.  Some  there  were  who  preferred  other  names  for  those  twin  stars, 
calling  them  Hercules  and  Apollo ;  others,  again,  gave  them  the  appellation 
of  Triptolemus  and  Sasion ;  the  first,  because  he  was  rendered  serviceable 
to  mankind  by  Ceres,  who  taught  him  to  sow  com  and  make  bread ;  the 
other,  because,  reigning  over  Attica,  he  diligently  employed  himself  in 
agriculture.  The  names  thus  given  have  not,  however,  been  associated 
with  the  Twins  in  celestial  charts. 

Sir  Isaac  Newton,  who  considered  the  history  of  constellations  with  re- 
ference to  the  exploits  of  ancient  heroes  and  the  progress  of  civilization, 
assigns  the  era  of  Castor  and  Pollux,  in  common  with  many  others,  to  the 
time  of  the  Argonautic  expedition.  He  mentions  that  Muscseus,  celebrated 
as  having  constructed  the  first  sphere  ever  seen  in  Greece,  was  father  to 
Orpheus,  one  of  the  Argonauts ;  and  he  infers  that  very  many  of  the  con- 
stellations referred  in  their  history  to  incidents  connected  with  that 
memorable  voyage.  Others  had,  doubtless,  an  origin  in  periods  still  more 
remote,  and  were  unconnected  with  aught  of  Grecian  imaginings  or  history, 
being  evidently  associated  with  the  occupations  of  rural  iSe.  Among  these, 
the  constellation  Virgo,  though  equally  the  theme  of  poets  and  of  painters, 
was  originally  no  other  than  a  sunburnt  maid  who  wrought  in  the  fields ; 
her  spike  of  ripening  com  betokens  the  approach  of  harvest ;  and  thus  is 
she  depicted  in  Egyptian  charts  of  the  hignest  antiquity. 

No  obvious  changes  are  apparent  in  the  starry  heavens.  Those  who 
delight  in  observing  tiie  progress  of  the  constellations,  moving  in  silent 
majesty  through  the  vault  of  night,  discern  at  first  only  a  vast  concave, 
spangled  with  innumerable  stars,  differing  in  brilliancy,  but  apparently 
without  order  or  arrangement.  Those  who  compare  them  with  a  celestial 
chart,  discern,  on  the  contrary,  that  order,  "Heaven's  first  law,"  is  equally 
observable  in  the  heavens  as  on  the  earth ;  but  the  astronomer  alone,  who, 
with  the  assistance  of  a  powerful  telescope,  passes  sleepless  nights  in  con- 
templating the  glory  of  the  stars,  can  point  out  with  certainty  the  changes 
that  occasionally  take  place  among  them. 

Hipparchus,  a  celebrated  astronomer  of  Ehodes,  who  flourished  about  120 
years  before  the  Christian  era,  first  noticed  the  appearance  of  a  new  star. 
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After  searcliing  carefully  the  records  of  astronomers  who  had  preceded  him, 
and  finding  no  mention  of  it,  he  began  to  form  a  catalogue  of  all  such  stars 
as  were  within  his  ran^e  of  yision^  noting  the  place  and  apparent  magmtade 
of  each,  and  thns  forming  a  first  list  of  tne  heavenly  luminaries. 

About  130  years  after  the  coming  of  our  Lord,  a  new  star  appeared  near 
a  Aquilee,  or  Altair,  in  the  constellation  of  the  Eagle,  but  only  as  a  tran- 
sient, though  brilliant,  visitor,  continuing  about  three  weeks,  and  then 
entirely  disappearing.  In  the  ninth  century  a  sparkling  luminary  became 
visible  in  the  fifteenth  degree  of  Scorpio ;  subsequently  another,  between 
the  constellations  of  Cepheus  and  Cassiopeia;  but  no  as&onomic  particulars 
are  recorded  respecting  them. 

We  owe  to  the  sudden  appearance  of  a  beauteous  star  in  Cassiopeia  the 
determination  of  Tycho  Brane  to  become  an  astronomer.  He  was  returning 
to  his  house  about  ten  o'clock,  when  his  attention  was  attracted  by  a  crowl 
of  country  people,  all  of  whom  were  gazing  upwards  with  acclamations  of 
surprise.  "What  are  you  looking  at?"  said  Tycho  Brahe.  **At  a  great 
light  in  the  heavens,"  they  all  exclaimed.  And  truly  the  sight  was  won- 
derful. A  new  star,  dazzungly  white,  and  yet  with  a  slight  bluish  tinge, 
so  bright  as  to  cause  his  staff  to  cast  a  shadow,  surpassed  in  brilliancy  Lyra 
and  Sirius ;  it  appeared  even  larger  than  Jupiter,  and  superior  to  the  planet 
Venus  in  its  greatest  lustre.  Day  after  day  the  same  star  was  visible  in 
the  heavens ;  and  at  night  might  even  be  discerned  when  light  fleecy  clouds 
obscured  all  others  of  Ihe  celestial  orbs.-  Thus  the  stranger  star  shone  on 
for  about  three  weeks,  when  its  lustre  gradually  diminished  from  a  degree 
of  brightness  superior  to  that  of  a  star  of  the  first  magnitude  to  one  of  the 
sixth,  after  which  it  entirely  disappeared,  and  was  no  more  seen.  Nor  less 
curious  is  the  fact,  that  during  the  sixteen  months  of  its  occupying  the 
same  position  it  was  subject  to  considerable  changes  of  colour ;  at  first 
shedding  a  white  and  brilKant  light,  then  becoming  yellowish ;  next  in  hue 
approaching  that  of  Mars ;  lastly,  of  a  pale  livid  lignt,  like  that  pertaining 
to  far- distant  Saturn.  The  longitude  of  this  star,  as  determined  by  Tycho, 
was  90°  17',  and  53°  45'  of  north  latitude. 

In  our  second  representation  the  large  star  towards  the  left  points  out 
the  place  occupied  by  the  new  star  among  those  of  Cassiopeia. 

A  new  star  appeared  also  in  the  beginning  of  the  seventeenth  century, 
"^  near  the  heel  of  the  right  foot  of  Ser- 

pentarius.  Astronomers  agreed  that  it 
was  perfectly  round,  resembling  one  of 
the  fixed  stars,  and  both  in  vividness 
and  lustre  exceeding  even  the  one  men- 
tioned by  Tycho  Brahe;  being  at  the 
one  time  yellow,  at  another  orange,  then 
red  or  purple,  but  most  commonly  it  was 
of  the  purest  white,  when  slightly  ele- 
vated above  the  horizon.  Gradually, 
at  length,  its  transient  light  began  to 
fade,  and  those  who  watched  its  waning 
hue  from  week  to  week  report,  that 
about  a  year  and  one  month  elapsed  from 
the  period  of  its  sudden  and  brilliant  appearance  to  its  being  no  longer  visible. 
Kone  of  these  transient  visitors  have  ever  reappeared,  and  the  places 
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wMoh  they  occupied  still  remain  a  blaiik.    A  strange  mystery  seems  to 

luudg  oyer  sucli  wonderful  phenomena 
>Jf  — ^none  have  solved  it,  or  satisfittotorily 

accounted  for  the  appearances  of  such. 
^  engrossing  interest. 


^ 


^^ 


* 


Place  once  oeeupied 
by  the  New  Star 


^f^^^R  DOTTBLB  STABS. 

Andromeda  (Fig.  1 )  presents  a  douhle 
^CAPH  star  in  her  left  foot,  called  Almaaok; 

the  small  star  is  of  a  fine 

r  CAMMA  greenish-Wue  tint,  the 

larger    of    a    reddish- 

^        white.  United,  as  regards 

^^        the  unassisted  eye,  they 

form  a  star  of  the  second 

magnitude,  about  42°  of 

^  north  dedination,  pass- 

^  ing  the  meridian  early 

in  December,  abouthalf- 

past  ten  in  the  evening, 

and  about  10^  southward 

4b        of  the  zenith. 

^  Fig.  2  represents  Zeta, 

in  the  sign  Aquarius,  or 

the  Water-bearer.  The  kindred  stars  are  nearly  equal  in  apparent  size  ;  they 

are  about  one  diameter  and  a  half  apart  from  each  other,  and  are  both  of  a 

whitish  colour,  forming  together  a  figure  resembling  the  letter  Y.     They 

come  to  the  meridian  at  nine  o'clock  in  the  evening,  about  the  15th  of 

October,  where  they  appear  as  stars  of  the  third  magnitude. 

Fig.  3.  This  figure  represents  the  Pole-star ;  its  attendant  is  very  faint, 
and  requires  an  accurate  telescope  of  considerable  power.  The  Pole-star 
itself  is  white,  the  secondary  of  a  ruddy  hue,  and  is  distant  17'',  or  about 
three  or  four  of  its  diameters. 

A  beautiful  star  of  this  description  pertains  to  the  Great  Bear;  it  is  called 
by  astronomers  Zeta^  or  Mizar,  and  may  be  noticed  about  the  middle  of  the 
tail.  Another,  marked  ?,  is  in  the  right  foot  of  the  same  constellation :  in 
this  the  two  component  stars  revolve  around  each  other  in  about  sixty 
years — consequenuy  nearly  a  whole  circuit  has  been  performed  since  its 
discovery  at  tne  latter  encl  of  the  last  century.  The  lesser  completes  its 
revolution  in  fifty-eight  years,  and  is,  therefore,  conjectured  to  move  at  the 
rate  of  two  millions  four  hundred  and  seventy -one  thousand  miles  every 
hour,  exceeding  by  eighty-five  times  the  velocity  of  Mercury,  the  swiftest- 
moving  planet  of  our  system. 

Another  and  most  interesting  subject  for  contemplation  is  the  contrast 
afforded  by  the  double  stars  in  point  of  colour.  According  to  the  minute 
observations  of  Sir  James  Herschel,  a  considerable  number  exhibit  Uie 
beautiful  and  curious  phenomena  of  contrasted  hues.  When  this  occurs 
the  larger  star  is  usually  of  a  ruddy  or  orange  tint,  while  the  smaller  is 
either  blue  or  green — ^probably  in  virtue  of  that  general  law  of  optics,  which 
provides  that  when  the  retina  of  the  eye  is  excited  by  any  bright-coloured 
ught,  feebler  lights,  which,  if  seen  alone,  would  look  nearly  white,  appear 
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for  the  time  as  oolonred  "witli  the  tint  oomplimentary  to  that  of  the  brighter. 
Thus,  for  instance,  if  a  yellow  light  predominates  in  the  light  of  the  most 
eonspiouous  star,  tliat  of  its  attendant  in  the  same  field  of  vision  assumes  a 
bluish  tinge ;  whilst,  if  the  tint  of  the  first  verges  to  crimson,  that  of  the 
second  exhibits  a  tendency  to  green,  or  even  becomes  a  yivid  green  under 
favourable  circumstances.  The  former  contrast  is  beautifully  exhibited  by 
Iota  Cancriy  the  latter  by  Gamma  Andromeda ,  both  of  which  are  fijie 
double  stars.  Should,  however,  the  coloured  star  be  less  bright  than  its 
companion,  the  other  will  not  be  materially  affected. 

Were  it  possible  to  look  down  from  some  unimaginable  height  on  those 
sparkling  luminaries  which  shine  far  above  our  heads,  with  visual  organs 
adapted  to  such  a  comprehensive  view,  what  glories  would  be  revealed !  for 
not  even  a  bed  of  tulips  affords  more  exquisite  diversity  of  colour  than  the 
stars  of  which  we  speak.  Two  luminaries,  a  red  and  green,  or  blue  and 
yellow,  mi^ht  be  seen  revolving  round  a  common  centre,  presenting 
grateful  vicissitudes  of  day  and  night,  in  which  a  beauteous  tinge  of  red 
or  green  alternates  with  li^t  or  darkness,  as  one  or  other  of  the  varied  orbs 
ascends  above  the  horizon,  or  sinks  below  it.  Insulated  stars  of  a  red 
colour,  nearly  resembling  that  of  the  Lobelia  fulgens,  would  appear  at  in- 
tervals, but  never  a  decidedly  green  or  blue  star  unassociated  with  a  com- 
panion brighter  than  itself.  One  planetary  hemisphere  might  appear  illu- 
minated with  a  yellow  sun,  while  the  other  was  shone  upon  with  emerald 
rays;  nay,  more — ^both  suns  might  occasionally  adorn  the  heavens,  sbedding 
their  blended  hues  and  contrasted  colours  over  a  wide  surface.  According 
to  the  courses  of  the  planets  around  their  central  •  point  would  such  effects 
be  variously  modified,  and  become  productive  of  almost  perpetual  variety. 
A  dazzling  red  luminary  might  rise  above  the  horizon,  whUe  another  of  the 
softest  emerald  green  was  about  to  set ;  and  when  both  were  absent,  innu- 
merable stars  would  glitter  in  the  immensity  of  space. 


CHAPTER  VI. 


"  I  love  thee,  Twilight;  while  thy  shadows  roll, 
The  calm  of  evening  steals  across  my  soul, 
Sublimely  tender,  solemnly  serene, 
Dear  as  the  hour,  enchantmg  as  the  scene." 

We  know  that  light  is  derived  from  the  sun — ^that  by  the  aid  of  this  most 
admirable  gift  of  the  Creator  we  behold  His  glorious  works,  and  are  able  to 
transact  the  affairs  of  life.  We  know,  also,  that  the  grateful  vicissitudes 
of  day  and  night  depend  upon  one-half  of  the  globe  being  turned  to  or  from 
the  great  source  of  light  to  our  solar  system.  Now,  in  order  to  prevents 
sudden  transition  from  brightness  to  an  obscurity  that  would  immediately 
involve  us  in  darkness,  to  which  neither  the  presence  of  the  stars,  nor  even 
of  the  moon  could  reconcile,  we  are  surrounded  by  an  atmosphere  which 
ministers  to  the  world  by  reflecting  the  light  of  the  heavenly  bodies,  and 
refracting  the  sunbeams. 
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Twilight,  therefore,  is  its  natural  result,  moderating  the  otherwise  instant 
transition  from  light  to  darkness,  and  even  shortening  the  long  and  dismal 
night  of  the  frigid  zone. 

The  suhject  is  one  that  well  deserves  a  hrief  elucidation,  and  may  he  thus 
explained. 

A  ray  of  light,  passing  through  the  atmosphere,  moves  in  a  straight  line 
so  long  as  the  atmosphere  remains  of  the  same  density ;  should,  however, 

any  change  occur  in  this  re- 
spect, the  rays  hecome  hen<, 
and  this  hending  is  called 
refraction.  Persons  unac-> 
quainted  with  l^e  suhject 
might  naturally  conjecture 
that  the  aerial  element  hy 
which  we  are  surroimded 
would  he  the  same  through- 
out ;  hut  such  is  not  the  case. 
EFFECTS  OF  BEFRACTioN.  Thc  light  clastic  fluid  termed 

atmosphere,  not  -^ih  part  so  heavy  as  water,  presses  in  its  upper  portions  on 
such  as  are  next  ti^e  earth,  and  causes  them  to  hecome  comparatively  dense 
or  compact.  This  compression  necessarily  imparts  to  the  lower  atmo- 
spheric portions  a  greater  power  of  refractmg  or  hending  the  rays  of  light 
than  is  possessed  by  the  upper.  Hence  it  necessarily  follows  that  the* 
atmosphere,  being  more  dense  or  compact  at  the  earth's  surface,  gradually 
becomes  lighter,  until  it  ceases  to  disturb  the  direct  progress  of  a  ray  of 
light.  Now,  in  order  the  more  readily  to  observe  the  graaual  turning  asidfe  or 
bending  of  a  ray,  so  as  to  form  a  curved  line,  refer  to  the  preceding  engraving, 
and  notice  especially  the  decreasing  density  of  the  atmosphere  at  aifferent 
elevations  above  the  earth.  Suppose  HH  to  be  the  horizon  of  an  observer, 
and  S  to  be  the  sun,  already  set,  the  ray  Sr  will  proceed  in  a  straight  Ihie 
from  its  own  glorious  source,  until  it  reaches  the  atmosphere  A,  at  which 
point  it  begins  to  bend ;  but  were  the  medium  through  which  it  has  to  pass 
of  the  same  elasticity  and  lightness  throughout,  the  ray  would  continue  in  a 
right  line,  though  not  in  the  same  direction  ^  at  first.  This,  however,  is. 
not  the  case ;  the  density  of  the  atmosphere,  as  already  mentioned,  ncreasse 
towards  the  earth ;  the  ray  becomes  more  and  more  bent  on  entering 
the  different  mediums  B  and  c,  and  the  observer,  standing  on  the  earth's  sur- 
face at  0,  receives  the  refracted  ray  in  a  curved  line.  As,  however,  he  caa 
only  see  an  object  in  straight  lines,  he  seems  to  be  shone  upon  by  the  sun's, 
rays  at  r,  while  the  imaffe  of  the  sun  is  perceived  by  him  at  S. 

It  is  consequently  eviaent  that  the  heavenly  lummary  is  never  seen  in  hia 
true  place,  except  when  in  ihe  zenith,  refraction  having  no  effect  upon  a 
vertical  ray ;  moreover,  that  refraction  is  greatest  at  the  horizon,  and  tJiat  it 
gradually  decreases  as  the  atmosphere  becomes  more  rarefied.  The  same 
remarks  hold  good  with  regard  to  the  stars,  and  star  a  is  seen  at  a  by  an 
observer  stationed  at  o ;  but  being  higher  up,  the  rays  are  not  so  much 
refracted  as  in  the  case  of  the  sun.  The  altitude  of  those  beautiful  stars 
which  nightly  adorn  the  heavens  seems  greater,  therefore,  than  it  is,  in 
proportion  as  they  are  contemplated  at  higher  or  lower  elevations. 

Many  curious  and  beautiful  effects  result  from  this  turning  aside  of  the 
rays  of  light.    When,  for  instanoe,  we  seem  to  see  the  orb  of  day  imme- 
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difttely  above  the  horizon  at  snnriae  and  sunset,  such  is  not  actually  the 
oaw ;  but  the  effect  proceeds  from  the  bending  of  his  rays  towards  the  part 
where  we  happen  to  be.  Again,  the  density  of  the  atmosphere  oocasionB  the 
saa  and  moon  to  appear  lar^r  than  whsD.  their  rays  descend  to  us  less 
obliiCrEiely  ;  and  owing  to  the  difference  in  density  which  often  prevaila  in.  a 
snail  i^aoe,  the  lower  and  up^r  portions  of  the  discs  of  the  sun  and  moon 
assume  a  compressed  or  oyal  form. 

When  the  lormer  appearance  is  presented  by  the  moon,  about  the  end  of 
the  second  and  third  quarter,  it  is  generally  indicatiYe  of  rain  or  wind.  The 
booi^like  form  is,  nevertheless,  extremely  pleasing,  when  seeming  to  float 
through  trackless  ether,  or  urging  its  way  amid  ionumerable  clouds,  light, 
fleeey,  and  &ntastic. 

&ioh  is  the  supposed  cause  of  twilight ;  and  ^ret,  to  borrow  the  remark  of 
Humboldt,  the  extraordinary  lightness  of  the  nights  during  the  summer  of 
IdSl,  occurring  in  the  latitudes  of  Italy  andnortnem  Germany,  when  small 
print  could  be  read  at  midnight,  was  in  manifest  contradiction  to  all  that 
had  been  taught  on  the  theory  of  twilight,  and  the  height  of  the  atmo- 
sphere. 

A  few  additional  stars  are  added  to  those  of  last  month ;  but  twilight,  at 
this  season,  is  too  strong  to  admit  of  noticing  them  very  particularly,  more 
especially  as  they  have  not  risen  far  above  the  horizon. 

lUhe  sun  enters  this  interesting  constellation  on  the  21st  of  June,  the  flrst 
day  of  summer,  the  longest  in  the  northern  hemisphere,  mid-day  at  the 
North  Pole,  and  midnight  at  the  South. 

Macrobius,  who  ingeniously  ex- 
plained the  origin  and  intent  of  all 
such  figures  as  were  anciently  asso- 
ciated with  the  constellations,  con- 
siders them  as  part  of  the  hierogly- 
phic language  which  the  ancients 
mscribed  on  the  heavens.  They 
placed,  said  he,  the  Crab  anJl 
Goat,  Cancer  and  Capricorn — ^not 
by  chance,  nor  yet  without  design — 

at  the  two  comers  of   the   sun's  kja^^k^iuh,. 

course,  but  at  once  to  mark  the  points,  and  to  convey  the  knowledge  of  cer- 
tain celestial  phenomena.  When  the  sun  arrived  at  an  assigned  limit,  they 
perceived  that  he  began  to  move  backwards,  and  to  descend  obliquely ;  and 
m  order  to  mark  the  place  where  this  occurred,  they  took  note  of  the  stars 
that  shone  in  its  vicinity ;  and  for  the  purpose  of  rendering  these  familiar  to 
the  mind,  they  associated  with  them  different  kinds  of  living  creatures. 
The  Crab,  which  moves  backward  and  obliquely,  afforded  an  apt  symbol  of 
the  sun's  retrograde  movement.  And  although  the  constellation  of  the  Otoai 
had  reference  to  pastoral  occupations,  it  also  marked  the  opposite  natural 
barrier  of  the  sun^s  progress,  that  part  of  the  ecliptic  where,  having  quitted 
his  lower  path,  he  oegins  to  ascend  higher  and  higher.  The  wild  gost, 
therefore,  an  animal  which  deli^^hts  in  climbing  the  loftiest  mountains,  was 
selected  as  the  figure  under  which  to  arrange  a  symbolic  constellation. 

The  "  neighbour  stars  "  that  surround  the  Crab  are  those  of  the  Lynx, 
ths  lion,  ana  the  Twins,  the  Unicom,  the  Little  Dog,  Hydra,  and  the  Lesser 
Lion.  The  Greater  Lion  is  stationed  immediately  before  it.  Henoe  it  happens 
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that  the  haxmless  Crab,  and  the  monarch  of  Libyan  wastes,  appear  as  if 
looking  earnestly  at  each  other ;  that  tha  hind  feet  of  the  Lynx  oome  very 
near  to  the  side  of  Cancer ;  that  the  Twins  are  close  behind ;  and  that,  lor- 
ther,  Unicom,  the  Dog,  and  Uydra  form  a  line  between  the  lower  portion  of 
the  Twins  and  lion. 

Cancer  exhibits  a  group  of  stars  called  PrsBsepe,  or  the  Bee- hire,  or  rather  a 
cluster  of  yery  minute  stars,  not  separately  distinguishable  by  the  naked  eye, 
but  sufficiently  luminous  to  be  seen  as  a  nebulous  speck,  somewhat  reasm- 
bling  the  nucleus  of  a  comet,  aud  for  which  it  has  occasionally  been  mistaken 
by  casual  observers.     Prsesepe  is  situated  in  a  triangular  position,  with  re- 

gird  to  Castor  and  Procyon,  or  the  Little  Dog:  a  line  drawn  from  the 
tter  in  a  north-easterly  direction  meets  with  this  nebulous  cluster  at  the 
distance  of  twenty  degrees,  and  if  extended  in  a  north-westeriy  direction 
from  the  same,  meets  Castor  at  an  equal  distance,  forming,  altogether, 
nearly  a  right  angle,  of  which  the  angular  point  is  in  Preesepe.  It  may  abo 
be  discovered  by  means  of  two  stars  of  the  fourth  magnitude,  lying  one  on 
either  side,  at  the  distance  of  two  degrees. 

When  contemplated  with  a  three-and-a-half-feet  achromatic,  and  a  power 
of  ninety-five,  it  is  scarcely  possible  to  imagine  any  kind  of  celestial  scenery 
more  brilliant  or  more  beauliful.  Fifteen  or  twenty  of  the  most  o<m- 
spicuous  among  its  clustering  stars  present  admirable  configurations ;  one  is 
nearly  an  equilateral  triangle ;  another,  an  isosceles ;  a  third  resembles 
a  cone ;  a.  fourth  presents  parallel  lines.  In  more  than  two  instances  three 
bright  stars  appeared  in  a  straight  line,  similar  to  the  belt  of  Orion,  while  a 
considerable  number  were  extremely  minute. 

The  word  **  nebula,"  applied  by  astronomers  to  denote  certain  fixed  and 
apparently  whitish  clouds  in  the  heavens,  literally  signifies  a  cloud  or  mist^ 
consisting  of  innumerable  stars,  so  thickly  studded  together  that  their  com- 
bined light  presents  the  thin  luminous  appearance  by  which  they  are 
distinguished.  Sir  William  Herschel  conjectures  that  however  widely 
dispersed,  they  yet  encompass  the  whole  steiry  sphere  of  heaven,  like  the 
MiBcy  Way,  which  is  undoubtedly  composed  of  fixed  stars.  He  mentions 
that  nebulae  are  more  general  in  some  parts  than  in  others ;  that  spaces  in 
their  vicinity  are  often  stariess ;  and  that  luminous  clouds,  or  mists,  are 
more  frequently  among  stars  of  considerable  magnitude  than  among  those 
of  minor  importance. 

Various  forms  and  classes  may  be  noticed,  although  reducible^  into  two 
great  divisions — ^yiz.,  such  as  are  composed  of  countless  starsj  though 
discoverable  only  by  the  aid  of  powerful  telescopes,  and  such  as  the  hip^hest 
magnifiers  have  not  been  able  to  reveal  otherwise  than  as  merely  luminous 
clouds.  In  former  times  about  one  hundred  nebulae  were  known  to  astro- 
nomers ;  since  then  the  unwearied  exertions  of  Sir  William  Herschel  have 
brought  to  light  at  least  two  Hiousand  more.  Their  different  places  were 
afterwards  computed  from  his  observations,  and  arranged  in  a  catalogue,  in 
the  order  of  right  ascension,  by  his  sister,  Caroline  Herschel,  a  lady  dis- 
tinguished for  her  astronomical  knowledge  and  discoveries.  E^r  illustrioiis 
nephew.  Sir  John  Herschel,  added  five  hundred  nebulae  to  those  discoyered 
by  his  father,  as  also  the  same  number  in  the  southern  hemisphere,  among 
which  the  Magellanic  clouds  are  the  most  beautiful  and  cone^ouous. 

These  dim  and  wondrous  nebulae,  whether  containing  a  bright  assemblage 
of  glorious  stars,  or  whether  bearing  only  the  appearance  of  a  far-<^  oIoim,. 
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are  often  most  singularly  yaried.  Hersohel  speaks  of  several  as  presenting 
equally  eccentric  and  curious  forms.  Among  theie  is  one  resembling  a 
luminous  hour-glass,  surrounded  by  a  thin,  hazy  atmospAiere ;  anotJier,  wn- 
sisting  of  a  nucleus,  bright  and  circular,  having  a  nebulous  ring ;  a  tbizd, 
faint  and  branching,  of  a  milky  whiteness,  and  diversified  with  bright  spots. 

A  remarkable  nebulosity  appears  in  tiie  constellation  of  Orion,  discemible 
without  the  assistance  of  a  glass,  and  occupying  a  middle  distance  in  the 
sword.  Huggins  observed  the  appearance,  ana  remarked  concerning  it 
that  astronomers  had  noticed  three 
stars  close  to  each  other  in  the  sword, 
but  that  when  he  examined  the  mid- 
dlemost with  a  telescope  he  readily 
perceived  twelve  other  stars;  three 
that  nearly  touched  each  other,  and 
four  that  seemed  to  twinkle  dimly, 
as  through  a  cloud.  This  nebulosity 
exhibited  an  indefinite  foggy  appear- 
ance, brighter,  yet  more  dS&'use  when  kebulosity  in  obion. 
a  telescope  was  used ;  but  the  whole  power  of  Herschel's  forty-feet  reiieotor 
could  not  resolve  it  into  distinct  stars.  J^othing,  however,  deterred,  Hug- 
gins  continued  to  observe  it  with  the  greatest  interest;  and  at  lengw, 
having  perfected  his  forty-feet  telescope,  discovered  that  it  possessed  such  a 
magnitude  and  brilliancy  as  fully  to  warrant  him  in  believing  that  it  was 
the  nearest  of  its  brethren,  and  consequently  likely  to  afford  much 
valuable  information.  Apparently  it  was  composed  of  litde  fiocky  masses, 
or  wisps  of  clouds,  adhering  to  small  stars  at  its  outskirts,  and  coiild  not, 
perhaps,  be  more  aptly  described  than  by  comparing  it  to  a  curdling  surface 
strewed  over  with  small  locks  of  wool,  or  the  breaking  up  of  a  mackerel  sky, 
when  the  clouds  assume  a  wavy  appearance.  Whatever  the  iUmy  mass 
might  be,  its  dimensions  were  enormous.  **  We  know  not,"  wrote  the 
astronomer,  "  what  the  immense  looming  mass  portends ;  time  may,  how- 
ever, develope  it,  and,  with  the  passing  on  of  years,  facts  maybe  elicited  that 
will  astonish  the  world." 

And  so  it  has  been.  The  telescope  of  which  we  are  about  to  speak  has  dis- 
covered the  revolution  of  this  stupendous  nebula.  When  Dr.-Kichol  visited 
Parsonstown  he  saw  the  nebula  through  its  mighty  tube.  It  was  the  first 
time  that  the  grand  instrument  had  been  directed  towards  that  mysterious 
object,  and  though  Lord  Rosse  warned  him  that  circumstances  connected 
with  its  examination  did  not  admit  of  a  final  conclusion  with  regard  to 
existing  theories,  the  narrator  went  with  breathless  interest  to  its  inspec- 
tion. Not  the  slightest  trace  of  a  star  was  discoverable:  "looming  unin- 
telligible as  ever,  appeared  the  nebula;  but  how  brilliant  its  brightest 
portions !  How  broken  the  interior  of  its  mass  I  How  innumerable  the 
streams  that  seemed  attached  to  it  on  every  side !  How  strange,  especially 
a  large  horn  northward,  rising  in  bold  relief,  amid  the  darkness  of  the 
night,  like  a  cumulous  cloud !"  Truly  had  Lord  Rosse  remarked,  that  one 
observation  would  not  suffice  with  regard  to  a  number  of  sparkling  points, 
small  as  those  of  a  needle,  nearly  as  close  as  grains  of  sand,  &e  more 
especially  when  any  sudden  gust  of  wind,  or  momentary  irregularity  in  the 
instrument,  might  cause  the  light  of  each  to  mingle,  and  present  the  aspect 
of  a  luminous  cloud. 
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SPIILA.L  NEBULA. 


Throughout  the  winter  did  the  nohle  constructor  of  an  unrivalled  tele- 
scope eei/e  every  favourable  opportunity  to  ascertain,  if  possible,  the  eon- 

"  stituuon  of  the  nebula.    He  plainly  saw 

that  all  about  the  trapezium  was  a  mass 
of  stars,  the  remainder  of  the  nebula  also 
abounding  with  stars ;  consequently  that 
such  appearances  might  be  regarded  as 
stellar  groups,  infinitely  remote,  and  yet 
I  so  vast  as  to  be  discernible  across  those 
\  spaces  in  the  heavens  of  which  the  mag- 
nitude is  overpowering  to  the  mind. 

This   extraordinary  nebula  is  justly 
considered  as  one  of  the  most  wondrous 
objects  in  the  starry  heavens.     It  was 
discovered  by  Lord  Kosse,  and  is  termed 
Lord  JRosse^s  Whirlpool,  or  Spiral  Nebula, 

When  examined  through  an  eighteen-inch  reflector,  a  bright  and  globu- 
lous  nebula  becomes  apparent,  surrounded  by  a  ring  at  some  considerable 
distance,  of  unequal  lustre,  and  subdivided  through  about  two-fifths  of  its 
circumference  into  separate  laminae,  one  of  which  appears  as  if  turned 
upwards  out  of  the  plane  of  the  other.  When  regarded  through  the  six- 
feet  reflector  of  Lord  Eosse's,  the  interior,  or  the  seeming  upturned  portion 
of  the  ring,  assumes  the  character  of  a  nebulous  coil,  tending  in  a  spiral 
form  towaras  the  centre  :  a  similar  tendency  in  the  streaks  of  nebula  con- 
necting the  ring  and  central  mass  is  further  developed,  and  forms  a  striking 
feature.  A  narrow  curved  band  of  nebulous  light  also  beautifully  connecte 
the  encircling  nebula  with  the  ring,  and  the  whole,  though  not  obviously 
formed  of  innumerable  stars,  yet  doubtless  owes  its  origin  to  them. 

The  position  of  this  Spiral  Nebula  is  near  the  ear  of  the  Northern  Grey- 
hound, below  eta  of  the  Great  Bear.  Its  singular  form  indicates  the  action 
of  some  powerful  and  controlling  law;  it  resembles  a  scroll  gradually 
unfolding,  **  or  the  evolution  of  a  gigantic  shell." 


CHAPTER  VII. 


JULY, 

"  "With  hieroglyphics  older  than  the  Nile 

The  heayens  are  studded.    Those  who  read  aright, 
Will  learn  from  them  thoughts  that  may  grief  beguile, 
Inscribed  in  characters  of  living  Ught." 

Such  of  the  northern  constellations  as  were  resplendent  in  the  heavens 
durinff  winter  now  occupy  very  different  positions.  Most  of  the  southern 
have  disappeared,  and  even  those  which  seem  to  traverse  the  immensity  of 
space  are  scarcely  discernible,  however  brilliant,  in  the  light  nights  of  the 
present  month. 

Their  positions,  however,  are  as  follow: — Westward  of  the  meridian 
shine  the  Northern  Crown,  libra,  and  the  Serpent.  At  a  considerable 
elevation,  and  some  distance  &om  the  meridian,  Arcturus  may  be  dimly 
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SOUTH  CmCUMPOLAR  POLE. 


discerned.  Far  below  this  beautiful  constellation  beams  the  Spica  Virginis, 
very  near  the  S.W.  by  W,  point  of  the  horizon.  Cor  Caroli  may  be  seen 
north  by  west  of  Arcturus,  occupying  a  high  and  distant  position  :  immedi- 
ately beneath,  and  nearly  due  west,  is  Denebola.  Westward  of  the  meridian 

.  the  Great  Bear  holds  an  exalted  station,  his  two  pointers  directed  east- 
ward to  the  Pole  star.  Castor  and  Pollux  have  recently  descended  below 
the  horizon,  towards  the  north-west ;  and  Capella,  a  star  which  never  sets  in 
this  latitude,  is  very  near  the  north  point,  a  few  degrees  above  the  horizon. 
Cassiopeia  lifts  up  her  head  in  the  north-eastern  quarter  of  the  heavens ;  « 
LyrsB  looks  down  from  a  great  height.  Eastward  of  the  meridian,  an&  in 
the  same  direction,  though  at  a  lower  altitude,  is  Denebe,  one  of  the  princi- 
pal stars  in  the  Swan.  The  Square  of  P^asus,  formed  of  four  stars,  may 
he  faintly  discovered,  a  little  northward  of  the  east  point,  nearly  opposite  to 

tbeplaoe  they  held  in  Jaaxiaxy,    Axitates,  a  star  of  the  first  magmtade  in 


CELESTIAL  PHEKOMBKA  OF  TBE  MONTHS — JTJLT.  425 

Scorpio,  lias  passed  the  meridian,  at  an  altitude  of  about  11"*.  Ras  Alg;ethi 
and  Alhague  are  nearly  on  the  meridian. 

Look  towards  the  south-east,  for  there  the  bright  star  Altair,  pre-eminent 
in  tiie  constelk,tion  Aquila,  or  the  Eagle,  is  now  visible,  nearly  between 
two  stars  of  the  third  magnitude,  bearing  S.E.  and  N.W.  North-east  of 
Aquila  is  the  Dolphin,  at  13^  or  14** — a  beautiful  little  cluster  of  about 
eighteen  stars,  includiE^  fiye  of  the  third  magnitude,  and  so  arranged  as  to 
represent  tihe  figure  of  a  diamond,  pointing  N.E.  and  S.W.  The  strange 
appellation  of  Job's  Coffin  has  been  applied  to  this  pleasing  constellation. 
Sagitta  and  Vulpecula  et  Anser,  or  ttie  Fox  and  Groose,  may  be  observed 
north  and  north-west  of  the  Dolphin.  Southward  of  Aquila  is  Capricomus; 
and  to  the  south-east  Aquarius,  though  scarcely  distinguishable.  The  Milky 
Way,  which 

''Nightly  as  a  circling  zone  thou  seest 
Powder*4  with  Btan," 

winds  with  considerable  clearness  in  the  vicinity  of  Aquila,  Vulpecxda,  Del- 
phinus,  and  Cygnus. 

Those  who  are  abroad  in  the  light  nights  of  this  pleasant  month  may, 
perhaps,  discover  the  constellations  of  which  we  speak. 

With  the  exception  of  Castor  and  Pollux,  Capella,  Lyra,  and  Cor  Caroli, 
there  is  little  either  of  poetry  or  history  connected  witn  them.  We  shall, 
therefore,  introduce  our  readers  to  the  southern  constellations,  and  reserve 
the  further  mention  of  these  to  a  later  period. 

The  magnificent  zones  of  the  southern  celestial  hemisphere,  between  fifty 
and  eighty  degrees,  are  especially  rich  in  nebulous  stars,  as  well  as  in  unre- 
solvable  nebulae ;  and  with  regard  to  the  starless  and  desert  Southern  Pole, 
the  two  Magellanic  clouds  which  revolve  around  it  present  objects  of  en- 
grossing interest.  The  larger,  called  Nebuleca  Major,  when  examined  by 
the  aid  of  a  powerful  telescope,  presents  a  collection  of  innumerable  stars,  or 
rather,  of  irregularly-formed  clusters,  with  nebulsB  of  various  magnitudes, 
among  which  occur  large  nebulous  spaces,  not  resolvable  into  stars,  but 
rather  appearing  as  luminous  clouds  in  the  field  of  view,  athwart  which 
many  objects  of  remarkable  and  mysterious  character  are  scattered.  The 
Nebuleca  Minor  is  less  striking. 

Humboldt  spoke  with  enthusiasm  of  the  delight  which  he  felt  in  con- 
templating those  two  solitary  and  peerless  clouds.  **  Their  appearance," 
said  he,  "with  the  brilliant  constellations  of  the  Ship,  the  gentle  sweep 
of  the  Milky  Way  between  the  Scorpion,  the  Centaur,  and  tne  Southern 
Cross — in  short,  the  graceful  and  picturesque  effect  of  the  sidereal  heavens, 
seen  from  the  plains  of  Cumana,  have  left  on  my  mind  an  ineffaceable 
impression." 

Such  were  the  reflections  of  this  distinguished  traveller,  to  whom,  what- 
ever was  new,  or  beautiful,  or  wonderful  on  earth,  or  in  the  heavens, 
opened  fresh  sources  of  enjoyment ;  nought  of  melancholy  was  associated 
with  them,  but  feelings  rather  of  hilarity  and  proud  anticipation.  He 
looked  forward  to  the  delight  of  making  ms  countrymen  acquainted  with 
new  discoveries,  or  observations  pertaining  to  the  stars ;  of  bringing  for 
their  inspection  the  animal  or  vegetable  productions  of  another  hemis^ere. 
Widely  different  are  tiie  feelings  of  him  who  is  assigned  to  far-off  regions  for 
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a  period  of  imoertam  duration,  and  who,  wlien  contemplatinjg;  the  stanr 
heavens^  sees  amonff  them  no  one  star  that  has  been  familiar  in  childhood, 
that  has  looked  through  uncurtained  windows  upon  his  small  couch, 
where  he  heard  his  mother's  affectionate  good  night,  and  reoeiyed  her 
blessing. 

There  is,  however,  according  to  the  testimony  of  Humboldt,  a  moun- 
tainous portion  of  our  globe,  where  the  traveller  or  sojourner  is  permitted  to 
contemplate  all  the  families  of  plants,  and  all  the  stars  of  the  firmament. 
In  the  Andes  of  Cundinamarca,  of  Quito,  and  of  Peru,  he  beholds  at  a  single 

fiance,  by  day,  tropical  forms  of  vegetation,  and  such  as  pertain  to  European 
omes ;  at  ni^ht  he  sees  displajed  the  constellations  of  the  Southern  Cross, 
the  Magellanic  clouds,  and  guiding  stars  of  the  Northern  Bear,  that  circle 
round  the  Arctic  Pole. 

Forty -five  degrees  from  the  Pole  comprise  the  above  starry  range,  and  a 
portion  of  the  Milky  Way,  which  traverses  the  southern  hemisphere  with 
peculiar  brilliancy.  The  Southern  Cross  consists  of  five  stars — one  of  the  first, 
two  of  the  second,  and  one  of  the  fourth  magnitude.  Four  of  these  form  the 
Cross,  the  northernmost  and  southernmost  of  which  are  uniformly  in  a  line 
with  the  South  Pole,  and  consequently  serve  to  direct  the  traveller  or 
voyager  in  southern  latitudes,  when  traversing  the  vast  plains  of  the  New 
World,  or  navigating  its  seas  and  rivers.  They  have  nearly  the  same  right 
ascension,  and  the  Cross  is  therefore  almost  perpendicular  at  the  moment 
when  it  passes  the  meridian — a  fact  well  known  to  every  nation  beyond  the 
♦^  #  tropics,  or  in  the  southern  hemisphere.  This  magnificent 
rjg  time-piece   advances  very  regularly  nearly  four   minutes 

I     !  daily,  and  hence  it  is  well  known  at  what  hour  of  the  night 

♦Si     *      "#i  ^^  ^^  either  inclined  or  erect.    "  How  often,"  wrote  a  modem 
*'—*■--     [i~'"     traveller,  "  have  we  heard  our  guides  exclaim  in  the  savan- 
nahs  of  Venezuela,  or  in  the  deserts  extending  from  Lima  to 
}  Truxillo,  *  Midnight  is  past — ^the  Cross  begins  to  bend  !'  How 

j  often,  too,  did  those  words  remind  us  of  that  affecting  scene 

_J  ♦*  where  Paul  and  Virginia,  seated  near  the  source  of  the  river 
«  Lotaniers,  conversed  together  for  the  last  time,  and  when 
CROSS  OP  THE  the  old  man,  at  the  sight  of  the  Southern  Cross,  warns  them 
SOUTH.  that  it  is  time  to  separate !"  Humboldt  speaks  also  with  his 
usual  enthusiasm  of  the  exalted  feelings  that  fiUed  his  mind  on  the  nights 
of  the  4th  and  oth  of  July,  when  in  the  sixteenth  degree  of  latitude  he 
saw  distinctly,  for  the  first  time,  the  Cross  of  the  South.  It  was  strongly 
inclined,  and  appeared  from  time  to  time  between  the  clouds,  where  summer 
lightnings,  seemmg  to  flash  in  and  out  with  almost  ceaseless  activity,  pro- 
duced a  unique  and  most  beautiful  effect. 

"  Oh !  'mid  the  stars  that  nightly  ^m  the  sky, 

Which  men  have  named — their  heavenly  names  unknown, 
One  starry  group  doth  meet  th'  inquiring  eye 

Of  him  whose  steps  lead  through  that  stranger  zone, 
Where  palms  and  citrons  cast  a  grateful  shade, 

Or  far  and  wide  extend  the  prairies  green, 
Where  neither  dale  nor  hill,  nor  bower  nor  glade, 

O'er  all  the  vast  expanse  of  grass  is  seen ; 
Nor  streams  are  heard,  nor  of  glad  birds  the  song, 
But  sound  of  winds  that  sweep  the  trackless  wastes  among. 
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"  That  glorious  Cross,  as  if  by  angels'  hands 

XJpneld  in  mid  air,  nightljr  meets  the  eye, 
With  chasten' d  beauty  beaming  o'er  all  landa. 

That  vide  between  the  line  and  tropias  lie ; 
The  Indian  sees  it,  as  he  journeys  o'er 

The  peopled  realms  his  fathers  called  their  own. 
The  Inca  saw  it  on  his  palm-clad  shore. 

The  conquering  Spaniard  in  his  blood-bought  home. 
From  age  to  age,  o'er  men  of  every  clime, 
Hath  gleam' d  that  radiant  Cross  throughout  all  time." 

This  beauteous  constellation  is  rep^resented,  in  the  above  engraving,  near  the 
meridional  lines  which  point  opposite  to  the  month  of  the  May.  With  the 
exception  of  the  lowermost  star,  it  appears  within  the  limits  of  the  Milky 
Way.  The  stars  immediately  below  the  Cross  pertain  to  the  Centaur ;  those 
on  the  left,  opposite  to  flowery  April,  with  its  buds  and  migratory  birds, 
belong  to  Rohus  Caroli,  or  King  Charles's  Oak,  thus  named  by  some  astrono- 
mer who  pleased  himself  by  associating  historic  recollections  with  stars  of 
the  southern  hemisphere.  This  constellation  contains  a  star  of  the  first 
magnitude.  Argo  Navis,  or  the  Ship,  is  nearly  opposite  March.  Still 
farther  to  the  left,  February  claims  the  Flying  Fish,  or  Pisces  Volans, 
which  also  reveals  a  star  of  the  first  magnitude,  named  Canopus :  this  star 
is  marked  near  the  left  side  of  the  map,  about  the  middle  of  the  month.  On 
the  right  hand  of  the  Southern  Cross  may  be  seen  two  stars  of  the  first  mag- 
nitude, Agena  and  Bungula,  the  first  being  nearest  to  the  Cross.  These  stars 
form  liie  two  forelegs  of  the  Centaur ;  they  are  in  the  Milky  Way,  nearly 
facing  the  month  of  June.  Opposite  the  space  between  July  and  August, 
and  on  the  right  hand  of  the  Cross  and  Centaur,  are  CirctnuSy  or  the  Com- 
passes; the  Southern  Triangle  also  containing  three  stars  of  the  second 
magnitude  in  the  form  of  a  triangle ;  and  Ara,  or  the  Altar. 

Look  now  to  the  upper  portion  of  the  map.  The  constellation  Equuleus 
Pictoriaj  or  the  Painter's  Easel,  consisting  of  numerous  small  stars,  occupies 
the  left,  Next  to  this,  though  somewhat  higher,  is  Dorado^  or  the  Sword 
Fish,  which  contains  two  or  three  stars  of  the  second  and  third  magnitiides. 
Hydrus,  or  the  Water  Snake,  shines  to  the  right  of  Dorado :  above  this  is 
AchernaTf  a  beautiful  star  pertaining  to  Uridanus,  and  opposite  the  1st  of 
December.     Tottcana,  or  the  American  Goose,  occupies  a  position  to  the 

right  of  Achernar;  and  higher  up  is 

the  Phoenix,  facing  November.    The 

Crane  is  obvious  on  the    right  of 

Phcenix,   having  two  stars  of  the 

second  ma^tude;    below    which, 

and    beautiful   in    its    locality,    is 

PavOy  or  tiie  Peacock,  with  stars  of 

«=>     ^^W    \^tf'^       X"^^    ^''MJ^  ^^  second  and   third  magnitudes. 

§     ^Tjy^*  '^^^Miu^^l '  l^V     ^PPosi*®  *^®  month  of  August,  and 

«       M  ^^^^^  y^^^^^^^^^^^^^^'^^Aik  ^^^^  *^®  Peacock,  is  Telescopium, 

)  or  the  Telescope. 

An  observatory,  supported  by 
public  expense,  has  been  erected  at 
Paramatta,  in  New  South  Wales,  in 
order  to  ascertain  such  stars  as  are  concealed  from  view  by  southern  declina- 
tion ;  in  reference  to  which  Sir  James  Herschel  mentioned  in  an  assembly, 
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wlio  met  to  do  him  honour  upon  his  return  from  thenoe,  that  he  believed 
there  was  scarcely  any  portion  of  the  southern  sky  which  he  had  not 
examined  with  nearly  microscopic  accuracy. 

The  beautiful  consteUation  liBOf  or  the  Lion,  into  which  the  sun  enters 
during  the  present  month,  is  now,  as  it  ever  was,  a  symbol  of  July.  The 
Greek  poets  rendered  it  commemorative  of  the  NemsBan  lion,  a  furious 
wild  beast  that  infested  an  extensive  wood  near  the  town  of  I^emsBa,  in 
Argolis.  This  animal  kept  the  inhabitants  in  continual  apprehension,  till 
Hercules,  the  celebrated  Theban  hero,  hearing  of  their  distress,  went  forth 
to  combat  with  the  lion,  which  he  slew ;  yet  not  with  arrows,  for  they  could 
not  pierce  his  i^n,  but  with  strength  of  arm.  Hercules  boldly  followed  the 
enraged  beast  to  his  den,  and  after  a  close  and  desperate  encounter,  suc- 
ceeded in  strangling  him,  after  which  he  carried  the  huge  creature  on  his 
shoulders  to  Mycenae,  a  town  of  Argolis,  and  ever  after  wore  the  skin  as  his 
proudest  trophy. 

**Two  splendid  stars  of  highest  dignity" 

are  conspicuous  in  the  beautiful  constellation  that  bears  the  name  of  Leo. 
The  one  called  Megulus  is  a  star  of  the  first  magnitude ;  the  other,  Deneholoy 
pertains  to  the  second.  The  group  may  be  readily  distinguished  by  their 
vicinity  to  the  (Jreat  Bear ;  thej^  are  chiefly  situated  north  of  the  ecliptic, 
passing  over  countries  in  the  torrid  zone  where  the  lion  ranges  uncheck^. 

We  have  already  observed  that  the  long,  light  nights  of  July  are  un- 
favourable for  astronomic  observations.  The 
moon,  however,  rides  in  her  beauty  through 
the  still  calm  air,  and  will  shortly  become  an 
exclusive  object  of  inquiry  and  interest. 

Peerless  orb!  poets  and  moralists  in  aU 
ages  have  simg  concerning  thee,  but  none 
more  ably  or  more  beautifully  than  the 
author  of  Ecclesiasticus. 

*'  Great  is  the  Most  High,"  he  sang,  "  who 
made  the  moon  to  serve  in  her  season,  for  a 
declaration  of  times,  and  a  sign  to  the  world ; 
the  beauty  of  heaven,  the  glory  of  the  stars, 
an  ornament  giving  light  in  the  highest 
places  of  the  earth."  luna— the  moon. 

And  what  more  lovely  than  a  moonlit  landscape,  when  the  dew  silently 
descends,  and  the  valleys  are  filled  with  light,  silvery,  wreathing  mists; 
when  not  a  sound  is  heard  except  the  rush  of  a  far-off  torrent,  and  the  sweet 
melodious  descant  of  a  solitary  nightingale,  warbling  where  all  else  is  still? 
There  is  nought  of  sadness  in  such  a  scene,  nor  yet  of  loneliness,  but  rather 
the  awaking  of  solemn  thought,  and  the  uplifting  of  the  heart  above  earth's 
holiest  contemplations ;  yea,  even  above  the  glorious  moon  herself,  and  the 
deep,  calm,  pure,  and  trackless  ether  in  which  she  moves,  where  dwell  the 
stars,  and  thunders  make  their  path,  to  that  unseen  world,  wherein  arch- 
angels veil  their  faces  before  the  throne  of  the  Eternal ! 
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CHAPTER  Vm. 

AUGUST, 

"The  moon, 
Full-orVd,  and  fareakin^  through  the  soatter'd  cloudSi 
Shows  her  broad  visage  in  the  crimBon'd  east ; 
Tuqi'd  to  the  san  direct  her  spotted  disc, 
Where  mountains  rise,  umbrageous  vales  descend, 
And  eavems  deep  (as  optic  tubes  describe) — 
A  smaller  £arth— gives  us  his  blaze  again, 
Void  of  its  flame,  and  sheds  a  softer  day. 
Now  through  the  passing  cloud  she  seems  to  stoop — 
Now  up  the  pure  cerulean  rides  sublime." — ^Thomson. 

The  moon  shines  -with  a  reflected  light  derived  from  the  sun,  as  first  con- 
jectured by  Thales,  the  astronomer  of  Greece,  and  now  clearly  ascertained. 
The  light,  however  welcome,  and  suggestive  of  poetic  thoughts,  shedding  a 
mild  radiance  over  the  landscape,  and  causing  all  trees  and  hills  to  cast  deep 
shadows,  is  yet  devoid  of  heat.  This  fact  is  readily  ascertained  hy  concen- 
trating the  rays  of  the  full  moon,'  when  on  the  meridian,  by  means  of  a 
powerful  burning-glass,  and  placing  in  their  focus  a  small  thermometer. 

Astronomers  relate  that  the  inclination  of  the  moon's  axis  to  the  plane  of 
the  ecliptic  is  merely  about  1^° ;  her  seasons,  therefore,  are  unvaried — 
neither  spring  nor  summer,  autumn  nor  winter,  succeeds  one  the  other,  and 
sheds  fertility  as  it  passes.  Beings  constituted  like  ourselves  could  ndt 
dwell  on  the  moon's  surface ;  she  is  presumed  not  to  have  an  atmosphere,  as 
is  proved  by  the  fact  that  no  change  takes  place  in  the  appearance  of  a  star 
or  planet  wnen  about  to  be  hidden  from  view,  or  occulted — ^that  is,  passed 
over  by  the  moon. 

And  as  regards  the  general  aspect  of  this  world's  attendant,  those  who 
look  at  the  moon  when  full  must  observe  that  her  Surface  is  considerably 
varied.  Seen  through  a  powerful  telescope,  she  appears  interspersed  wim 
dark  spots,  ridges,  and  deep  hollows,  as  represented  in  the  figure  at  p.  431. 
The  deep  hoUows  are  conjectured  to  be  of  terrific  depth,  and  are 
uniformly  surroiunded  by  nearly  circular  hollows,  which  have  no  parallel  on 
our  globe ;  they  are  in  number  about  eiehty-nine,  and  have  names  given 
them,  commemorative  either  of  remarkable  places,  or  of  distinguished  indi- 
viduals. Some  astronomers  conjecture  that  the  hollows  of  which  we  speak 
are  full  of  water,  and  that  the  darkness  of  their  aspect  is  occasioned  by  the 
absorotion  of  the  solar  rays,  while  the  land  reflects  them ;  thus  causing  that 
singular  diversity  on  the  moon's  disc  which  is  apparent  to  the  unassisted 
eye.  Others  maintain  that  there  cannot  be  any  water  in  the  moon ;  a  fact, 
they  say,  which  is  obvious  from  the  uniformly  serene  appearance  of  this 
planet--unvexed  by  fogs  or  vapours ;  while  the  dark  portions  maybe  readily- 
accounted  for  by  vast  hollows,  supposed  to  be  at  least  three  miles  deep. 
Mountains  doubtless  exist  of  commanding  height,  and  singularly  varied ; 
their  lofty  summits  often  reflect  the  sunbeams,  as  seen  through  telescopes. 
Two  or  three  of  the  most  considerable  were  observed  by  Dr.  Hersohel  to  be 
of  a  volcanic  character. 

Such,  then,  is  the  geographic  oharaoter  of  that  planet  which  ahiivs&^M^VKs:^ 
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teously  on  a  sleeping  world — her  crescent  form  at  one  time  gliding  amid  the 
clouds,  sometimes  visible,  then  again  lost  to  sight,  at  another  shining  in  full 
splendour,  and  causing  even  stars  of  the  first  magnitude  to  be  scarcely  visible. 
8ne  revolves  in  her  orbit  round  the  earth  at  the  same  time  that  we  are 
progressing  about  the  sun;  and  the  consequence  of  this  is,  that  the 
moon  traces  a  kind  of  curling  line,  because,  bv  the  time  that  her  revolu- 
tion is  completed,  our  rolling  ball  has  performed  nearly  one-twelfth  part  of 
her  annual  circuit  round  the  great  source  of  light  and  heat.  The  moon  fulfils 
her  journey  in  about  27 J  days,  but  the  time  from  one  full  moon  to  another 
is  about  29|  davs :  the  first  is  called  penodkcd,  embracing"  Ihe  period  of  her 
course  around  the  earth ;  the  second  synodicalf  or  the  month  as  agreed  upon 
in  the  infancy  of  astronomy,  and  determined  by  the  coming  togemer  of  the 
sun  and  moon.  The  difference  which  exists  between  the  &rst  and  latter 
periods  may  be  readily  understood,  and  is  thus  explained : — "  Although  the 
moon  might  actually  pass  round  the  earth  in  27|days  if  the  earth  were  still, 
yet  a  longer  time  is  consumed  from  one  phase  of  the*^moon  to  the  same  phase 
again,  owing  to  the  motion  of  the  earth  in  her  orbit,  in  the  same  direction 
as  the  moon  s  motion  from  west  to  east.  It  therefore  follows  that  the  extra 
2i  days  are  spent  by  the  moon  in  fetching  up  the  overplus  of  tie  progress 
made  in  the  mean  time  by  the  earth." 

We  have  stated  that  the  probable  want  of  water,  and  the  extreme  rarity 
or  non-existence  of  a  lunar  atmosphere,  would  render  the  moon  uninhabit- 
able to  beings  constituted  like  ourselves.  Vegetables  require  the  nunistration 
of  rain  and  dews,  but  neither  are  compatible  with  a  world  destitute  of  clouds 
and  wells  of  water ;  and  without  trees  and  shrubs,  esculents  and  herbage, 
man  could  not  exist.  Another  barrier  consists  in  the  well-known  fact  that 
this  vast  and  desolate,  yet  beauteous  planet,  though  revolving  on  an  axis, 
performs  this  revolution  in  the  same  time  as  she  takes  to  accomplish  her 
joumev  round  the  earth.  Consequently  the  earth  has  uniformly  the  same 
side  of  the  moon  presented  to  her,  and  dwellers  on  that  portion  of  her  sur- 
face, if  such  there  were,  would  nightly  contemplate  the  earth,  while  those 
who  were  consigned  to  the  ojjjposite  side  must  dwell  in  dim  obscurity,  perhaps 
even  total  darkness,  imless  illumined  by  volcanic  eruptions.  Magnificent 
indeed  and  glorious  would  be  the  appearance  of  the  earth  when  reflecting 
the  rays  of  the  sun ;  her  disc,  having  a  diameter  nearly  four  times  lai^er 
than  tne  moon's,  would  appear  of  surpassing  magnitude,  far  exceeding  that 
of  our  lunar  at^ndant,  yet  rising  and  setting;  in  like  manner,  and  going 
through  her  various  phases  of  light;  revolving,  too,  on  her  axis  nearly 
thirty  times,  while  the  moon  is  making  her  usual  revolution  with  a  rapidity 
that  might  seem  almost  incredible. 

One  long  day  and  night,  therefore,  of  equal  length,  pertain  to  the  moon, 
while  completing  her  circling  course  around  our  planet,  and  consequently 
each  one  must  comprise  14|  of  our  days.  A  full  glare  of  light,  and  almost 
intolerable  heat,  must,  as  before  mentioned,  be  experienced  throughout  that 
vast  expanse  which  beams  so  beauteously  in  our  heavens,  while  the  contrary 
side,  which  no  one  has  yet  beheld,  is  enveloped  in  almost  profound  darkness 
and  intense  cold. 

The  phenomenon  of  the  harvest  moon  has  often  attracted  grateful  notice, 
even  from  the  earliest  period  of  the  world's  history ;  for  who  can  look  un- 
moved upon  that  gracious  provision  which  enables  the  husbandman  to  avail 
himself  of  her  friendly  beams  in  the  time  of  harvest  P 
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We  remember  travelling  some  years  since  over  Sedgemoor  beneath  €ke 
)eams  of  a  fine  September  moon,  when  not  a  sound  was  heard  except  the 
rentle  rustling  of  tne  standing  com  as  the  night  breeze  passed  over  it,  and 
ihe  sweep  of  the  rapid  sickle.  Reapers  were  busily  at  work,  their  wives  and 
children  bound  up  the  prostrate  ears,  and  their  long  shadows  were  clearly 
leen  upon  the  stubble ;  it  was  nearly  as  light  as  day,  but  in  the  distance 
Hvery  and  wreathy  mists  gave  to  the  plain  itself  a  singularly  illusive 
ippearance  of  interminable  vastness  and  extent.  We  thought  of  the 
ontrast  which  that  lovelv  scene  presented,  in  its  soothing  sounds  and  rural 
ccupations,  to  the  fearful  tragedy  that  was  acted  in  the  time  of  ill-fated 
lonmouth,  when  foe  met  foe  in  mortal  combat,  and  the  wide  moor  resounded 
nth  shouts  and  lamentations.  We  remembered,  also,  the  beautiful 
•henomenon  which  enabled  the  reapers  to  pursue  their  pleasant  labours  to 
uch  an  unwonted  hour,  and  in  the  same  manner  as  the  cause  and  the  effect 
rere  explained  to  us  shall  we  present  them  to  our  readers. 

"  It  has  pleased  the  Most  High,"  said  our  instructor,  "  to  ordain  physical 
auses  for  tne  moral  government  of  our  world.  In  the  month,  therefore,  of 
eptember,  when  the  sun  is  in  the  constellation  Virgo,  and  the  moon  in 
•isces,  the  latter  rises  full  every  evening  soon  after  sunset,  with  very  little 
ifference  of  time.  The  same  occurs  in  October,  when  the  sun  occupies 
jbra,  and  the  moon  Aries.  The  former  is  called  the  harvest,  the  latter  the 
unter's  moon." 

A  similar  peculiarity  with  regard  to  the  rising  of  the  moon,  with  little 
ifference  of  time  for  several  days  together,  occurs  in  other  months.  But  as 
t  one  season  the  moon  is  new,  at  another  in  her  quarters,  the  fact  is  scarcely 
bvious ;  but  whenever  occurring,  it  is  caused  by  the  smallness  of  the  angle 
lade  in  each  month  by  the  ecliptic  and  horizon,  and  may  be  readily  exem- 
lified  with  a  celestial  globe. 

Another  beneficent  and  beautiful  provision  is  afforded  by  that  adjustment 
P  the  courses  of  the  sun  and  moon  which  assigns  the  greatest  proportion  of 
loonlight  to  those  countries  and  seasons  of  the  jear  wherein  it  is  most 
;sential.  Hence  the  greater  altitude  and  larger  diurnal  arc  of  the  moon  in 
inter  than  in  summer. 

Other  phenomena,  ministering  to  the  well-being  of  mankind,  are  dependent 
1  the  relative  positions  of  the  earth  conjointly  with  the  sim,  and  are  de- 
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serving  of  especial  notice.    These  are  the  Phases  of  the  Moon,  Eclipses  of 
the  Moon,  and  Tides. 

I. — Phases  of  the  Moon. 

Phases  is  a  word  derived  from  the  Greek,  and  signifies  appearances :  it 
implies  that  variation  in  the  illumined  hemisphere  of  the  moon,  which 
becomes  visible  from  the  earth,  occasioned  by  the  moon's  change  of  place 
relatively^  to  the  siin  and  earth.  Revolving  opaque  bodies,  such  as  planets, 
necessarily  exhibit  phases  similar  to  those  of  the  moon,  an  observation  which 
especially  applies  to  Mercury,  Venus,  and  Mars,  of  which  the  orbits  are 
within  or  next  to  that  of  the  earth.  The  more  distant  planets  always  present 
a  full  face,  owing  to  the  great  scope  of  their  annual  movements. 

With  reference  to  the  moon,  let  us  imagine  that  S  represents  the  sun,  0 
the  earth,  and  A  B  C D  JE  FO  Hthe  moon  at  different  parts  of  her  orbit ; 
that  the  moon  is  at  ^,  a  position  which  causes  her  luminous  half  to  be 
turned  from  the  earth.  Sne  is  consequently  invisible  to  us,  a  fact  repre- 
sented by  the  dark  globular  body,  a ;  at  which  time  she  is  said  to  be  new,  or 
in  conjunction. 

Let  us  wait  three  days  and  a  half :  the  moon  will  then  have  moved  to  B^ 
which  is  termed  the  first  octanty  or  the  first  eighth  part  of  her  orbit.  The 
light  side  is,  as  before,  towards  the  sun,  but  the  dark  side  is  not  directly 
towards  the  earth,  whose  inhabitants  see  the  moon  at  some  distance  east- 
ward of  the  sun,  and  catch  a  glimpse  of  the  illuminated  portion ;  this  portion 
is  crescent-shaped ;  it  is  figured  by  b,  and  its  points  are  called  horns,  or  cusps, 
the  latter  word  being  derived  from  the  Latin  ctispis,  a  point. 

The  moon  next  teavels  on  to  C,  when  she  is  said  to  be  in  quadrature ; 
that  is,  she  has  performed  a  quarter  of  her  revolution.  One-half  of  her 
illuminated  surface  is  now  visible,  as  at  c :  this  occurs  in  about  a  week 
after  her  conjunction.  StiU  journeying  in  her  orbit,  she  arrives  at  Z),  where 
nearly  the  whole  of  her  illuminated  surface  is  visible  to  the  earth  at  0: 
this  is  her  second  octant,  and  she  presents  an  appearance  such  as  £^,  in  which 
about  three-fourths  of  her  illuminated  surface  is  visible.  This  is  the  gibbotu 
phase,  a  word  derived  from  the  Hebrew,  inrplying  prominence  or  convexity. 

Three  more  days  and  a  half  must  be  waited  for,  and  then  the  moon, 
occupying  her  place  at  £  on  the  further  side  from  the  sun,  is  gloriously 
shone  upon,  and  becomes  a  full  moon,  visible  to  the  earth  at  O,  and  pre- 
senting the  appearance  of  a  luminous  circle,  as  e. 

Shortly  after  the  moon  begins  to  wane.  When  arrived  at  F,  she  appears 
to  a  spectator  very  much  the  same  as  when  seen  at  D,  but  the  flattened  or 
imperfect  edge  is  tamed  somewhat  round  or  away  from  the  sun ;  jT  represent! 
her  appearance  to  the  eye,  and  this  is  her  third  octant. 

The  last  quarter  is  represented  at  O,  where  the  moon  bears  a  general  re- 
semblance to  her  position  c,  when  seen  in  her  first  quarter,  and  is  repre- 
sented at  g.  The  point  H  is  the  last  octant,  when  this  wandering  planet 
has  performed  seven-eighths  of  her  usual  round,  and  presents  the  form  of  a 
orescent,  as  at  A,  pale  and  faint,  yet  beauteous  and  ever  welcome,  though 
rather  when  progressing  towards  than  receding  from  the  view. 

Proceeding  in  her  orbit  to  the  point  A,  she  again  becomes  invisible  ani 
is  represented  by  the  dark  circle  a,  bearing  the  name  of  New  Moon!  and 
bemgu^  ooiyanotioii. 
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All  these  dissimilar  phases  or  appearances  of  the  mopn  necessarily  result 
from  her  being  an  opaque  body,  reflecting  the  sun*s  light,  and  revolving 
round  the  earth  from  one  new  moon  to  another. 

II. — Eclipses. 

The  wonderful  phenomena  of  eclipses  have  often  been  resorted  to  by 
designing  men  in  order  to  impose  upon  mankind,  or  .to  preserve  themselves 
from  impending  evils.  Columbus  practised  a  deception  of  the  kind  when 
driven  by  great  necessity,  and  the  prospect  of  utter  destruction  to  himseK 
and  his  companions.  He  had  been  wrecked  on  the  island  of  Sumatra,  his 
stock  of  provisions  was  nearly  consumed,  and  the  natives  refused  to  assist 
him.  In  this  emergency  he  remembered  that  an  eclipse  of  the  moon  was 
about  to  take  place,  and  having  obtained  a  hearing  from  the  native  chiefs^ 
he  told  them  that  a  signal  judgment  was  about  to  fall  upon  them,  in  conse- 
quence of  their  heartless  refusS  to  assist  their  suffering  lellow-creatures ;  in 
token  whereof  the  moon,  then  riding  in  majesty  through  the  heavens,  would 
be  deprived  of  her  light.  On  hearing  this  some  of  the  audience  began  to 
laugh,  and  treated  the  announcement  with  contempt;  others  became 
alarmed ;  and  even  those  who  derided  Columbus  were  ob^rved  to  cast  many 
an  anxious  look  towards  the  heavens.  Imagine,  tji^»?fcre,  their  terror  and 
amazement  when  the  clear  full  moon  gradu^Jlybecame  darkened,  till  at 
length  she  was  scarcely  visible.  Most  eajn^l^y  then  did  the  chiefs  implore 
that  the  dread  sign  of  impending  judgmtfiTinight  be  withdrawn,  while  they 
sent  provisions  in  all  haste  to  the  Ji^ering  Spaniards;    and  Columbus, 
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availing  himself  of  ttie  favourable  moment,  assured  the  chiefs  that  they  need 
not  fear,  for  that  ifli  a  brief  space  the  moon  would  again  be  visible.  Shortiiy 
afterwards  she  emerged  in  full  splendour  from  her  temporary  obscurity,  and 
the  Indians,  believing  that  Columbus  was  endowed  with  rapematural 
powers,  never  again  refused  any  assistance  that  he  required. 

Both  in  China,  Hindostan,  and  Chaldea,  attention  was  direoted  bv  tlie 
earliest  astronomers  to  the  interesting  subject  of  eclipses :  it  is  belieyea  that 
their  occurrenpe  was  predicted  with  considerable  accuracy,  but  this  k  formtpa. 
to  our  present  subject.  We  shall,  however,  dww  by  what  means  that  cJ^- 
scuration  of  light  is  caused  which  obtains  for  this  oelestiai  phenomenon  the 
name  of  eclipse. 

Here  the  question  naturally  arises — Why  does  not  an  eclipse  taJEe  place 
at  everi/  neyr  and  fuU  moon  ?  Simply  because  the  moon's  orbit  is  iaflUned  to 
that  of  thej  earth ;  or,  in  other  words,  **  because  the  moon,  in  movirig  round 
the  earth,  does  not  keep  in  the  same  plane  as  that  in  ^hich  the  earth  re- 
volves aboi^t  the  sun.  The  two  planes  are  inclined  to  each  other  Q.t  ^ss!i.^ss^!(^^ 
of  about  5io ;  so  that  in  one  part  of  her  orbit  tlifi  TMiQtv.\A  ^i5&as^^QDfe^$«a^  ^ 
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the  earth's  orbit,  and  in  another  part  she  is  below  it."  It  is  consequently 
obyious  that  only  at  the  time  when  this  fair  planet  is  in  either  of  her  nodes 
is  she  in  the  plane  of  the  earth's  orbit. 

Hence  it  follows  that  an  eclipse  mnst  be  restricted  to  that  period  when 
the  moon  is  at  or  near  one  of  her  nodes ;  that,  further,  if  she  be  far  remoyed 
from  her  nodes  at  new  or  full  moon,  she  is  altogether  above  or  below  the 
line  which  joins  the  earth  and  sun ;  but  that  if  she  be  exactly  at  the  node, 
there  will  be  a  centrc^l  eclipse ;  and  if  within  certain  limits  on  either  side  of 
one  of  her  nodes,  a.  partial  eclipse, 

A  Lunar  Eclipse  is  owing  to  the  opaque  body  of  the  earth  hindering  the 
sun's  rays  from  reaching  the  moon. 

In  the  preceding  figure  S  represents  the  sun,  £  the  earth,  m  the  moon  in 
conjunction.  The  sun  shining  upon  the  earth  causes  a  shadow  to  be  thrown 
•  behind,  tapering  to  a  point  liie  a  sugar-loaf,  which  cone-like  form  results 
from  the  Sim  bemg  much  larger  than  the  earth :  if  the  moon  was  beyond 
the  shadow  of  the  earth,  she  would  of  course  remain  unobscured ;  but  as  a 
portion  of  her  orbit  is  within  its  reach,  she  is  necessarily  subjected  to  its 
influence. 

When  an  eclipse  of  the  moon  is  about  to  happen  you  wiU  observe  that 
her  disc,  or  sur&ce,  appears  as  if  covered  with  a  mist :  this  arises  from  her 
having  to  pass  throngn  the  earth's  partial  shadow,  or  penumbra^  before 
reaching  her  real  shadow. 

In  order  to  imderstand  this  flight  diminution  of  the  moon's  brightness, 
observe  that  rays  of  light  from  thiSi  two  extreme  edges  of  the  sun,  a  a,  pass 
by  the  edges  of  the  earth  h  ft,  and  gd^on  in  the  direction  h  d  and  h  e,  having 
previously  crossed  at  c ;  observe,  further,vthat  the  upper  part  of  the  penumbra, 
d  bfj  receives  light  from  the  upper  part  6i^  the  sun,  almough  the  earth  pre- 
vents it  from  receiving  light  from  the  lowei^part ;  moreover,  that  the  lower 

part,  ffbe^-Q^  the  penumbra  receives  light 

from  the  lo^r  part  of  the  sun,  although 

the  up  rays  arfe  intercepted  by  the  earth. 

The  real  shadorfcis,  therefore,  surrounded 

by  a  partial  shalJp'^j  which  imparts  to 

the  moon  that  singlj^^  duskiness,  which 

]  increases  as  she  draV's  nearer  to  the  real 

I  shadow,  and  receivesjj^  fewer  rays  from 

the  source  of  light.    ^ 

A  lunar  eclipse  uni 

on  the  eastern  edge  <  _ 

may  be  seen  by  dwellerj 

!  earth's  surface  ;    it  cat 

than  5i  hours  from  the 

I  entering  the  earth's  partf 

j  quitting  it;  the  moon  cannl 

I  partially  and  totally  more  tl 

and  as  respects  the  latter,  ii 

tinues  more  than  If.  _ 

The  beauteous  constellatiof  'V'irgo  is 
,  .,  ,     ^  ^ow     conspicuous     in     the!    heavens, 

bounded  on  the  north  by  Bootes  and  Coma  Berenices-on  the  east  fe^  ^i^^a- 
on  the  south  by  Crater,  Hydra,  and  Corvis— and  on  the  west  by  i^eo.     The 
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,  most  brilliant  star  in  Virgo  is  Spica  Azimechy  or  S,  Virgima,  near  the 
ecliptic — ^last  of  the  summer  signs,  the  sixth  in  order,  and  the  harbinger  of 
coming  harvest.  This  group  of  stars  bore  in  ancient  Egypt  tiie  name  of  Iris 
— among  the  Greeks  that  of  Ceres,  the  goddess  of  com. 

Poets  tell  that  though  other  names  have  been  assigned  her,  Virgo  was,  in 
truth,  Astrsea,  daughter  of  Astrseus  and  Aurora,  and  the  goddess  of  justice  ;  - 
that  she  dwelt  on  earth  during  the  golden  age ;  but  that,  when  men  ceased  to 
love  and  obey  her  laws,  she  ascended  to  heaven,  whither  every  benignant 
divinity  or  genii  had  preceded  her.  Were  it  possible  to  remove  the  mists 
of  ages  which  brood  deeply  over  this  honoured  name,  we  should  undoubtedly 
discover  that  Astrsea  was  some  benefactress  of  mankind. 


CHAPTER  IX. 

SEPTEHBEB. 

"There  is  society,  where  40116  intrudes, 
By  the  deep  sea,  aod  music  in  its  roar." 


Heab  ye  not  the  solemn  rushing  of  the  waves ;  and  see  ye  not  how 
gradually  the  sunken  rocks  and  sea- weeds,  beauteous  deposits  of  the  ocean, 
the  wide  shingly  space,  and  belt  of  fine  sand,  are  being  submerged  in  aU 
directions  ?  W  ell  for  us  that  we  left  yonder  cave  before  the  tide  began  to 
rise,  or  else  we  should  have  had  to  wade,  knee  deep,  through  the  dancing 
spray.  A  brief  space  only  has  elapsed  since  we  collected  corallines  and  sea- 
anemones  in  rock  basins  filled  with  clear,  transparent  water.  Now  the  huge 
stones,  by  which  they  were  encircled,  are  lost  to  sight ;  their  presence  is 
alone  discovered  by  the  eddying  and  whirling  of  the  restless  waves  imme- 
diately above  them ;  and  now  a  might  of  waters  rushes  impetuously  upon 
the  beach. 

But  why  is  this  ?  Last  evening  we  walked  securely  where  now  no  human 
foot  may  venture.  That  beautiful  rock  basin — that  little  watery  world — 
beside  which  we  sat  unwearied,  gazing  on  the  wonders  which  it  contained ; 
our  pleasant  walks  upon  the  finn  sand,  and  among  sunken  rocks  of  all  forms 
and  nues,  are  covered  wiUi  restless  waves.  Know  you  the  reason  of  such  a 
change,  and  why  old  Ocean  has  advanced  towards  the  shore  with  such 
resistless  force  ?  Ask  yonder  fisherman,  who  is  preparing  to  cast  his  net 
into  the  sea.  He  would  laugh,  perhaps,  at  your  simplicity,  and  tell  you 
that  it  is  the  time  of  high  tide,  x  ou  seem  inclined  to  laugh  also,  wonder- 
ing why  any  one  should  ask  a  question  which  the  youngest  child  upon  the 
coast  may  answer.  ** The  tide,"  say  they,  both  youths  and  aged  men,  "is 
coming  in."  And  yet  what  definite  idea  does  that  short  sentence  convey  to 
the  inquiring  mind  as  regards  the  reason  for  such  a  change  ?  None  what- 
ever. In  the  fisherman  it  awakens  thoughts  connected  with  his  craft ;  in 
the  sailor,  remembrances  of  far-off  shores ;  to  many  who  daily  observe  its 
progress  and  receding,  pleasant  anticipations  of  shells  and  sea- weed ;  whilst 
others  idly  gaze  upon  the  tide  as  a  thing  of  course,  unvarying  in  its  move- 
ments, like  the  rismg  and  setting  sun. 
And  yet  the  "  world's  great  pulse"  is  worthy  of  dfi«^  ^ISofsvxiigE^s  «a^^sS^^^^ 
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not  rest  contented  with  knowing  that  what  has  been  must  be.  These  beet- 
ling rocks  £^ord  a  cool  retreat  and  resting-place ;  and  much  that  we  have 
learned  on  the  subject  can  be  more  readily  imparted  when  the  suggestiye 
object  is  in  view. 

We  know  that  one  of  the  properties  of  matter  is  to  attract  other  matter 
towards  itself,  however  distant ;  that  a  small  loadstone  will  take  up  a  little 
key,  while  a  larger  magnet  acts  with  greater  force.  We  cannot  conjecture 
what  attraction  really  is,  but  its  effects  are  obvious.  Every  one  has  heard 
the  story  of  Sir  Isaac  Newton,  in  whom  the  falling  of  an  apple  from  a  tree 
excited  a^ain  of  thought  which  laid  the  foundation  of  all  correct  knowledge 
concerning  the  movements  of  heavenly  bodies.  Men,  in  after  times,  ren- 
dered familiar  those  deep  reasonings  and  calculations,  which  otherwise  we 
could  not  understand ;  and  such  are  the  results  of  much  combined  informa- 
tion on  the  subject. 

Bear  in  mind  that  the  force  of  attraction  is  subject  to  variations,  with 
respect  to  distance  between  attracting  and  attracted  masses.  Thus,  if  a 
mass  of  iron  be  the  attracting  body,  acting  upon  another  mass  with  such 
power  as  to  make  it  move  through  twenty  feet  in  a  second  of  time,  sup- 
posing the  larger  mass  to  be  removed  double  its  former  distance,  then  the 
attraction  will  become  necessarily  so  much  weakened,  that  the  lesser  mass 
will  move  only  five  feet  in  a  second,  or  with  one-fourth  of  its  former 
rapidity. 

Kesults  of  a  gigantic  kind  are  produced  by  these  simple  principles,  wheA 
applied  to  those  immense  bodies  which  men  call  planets.  But  our  business 
is  not  now  with  these ;  only  as  attraction  has  reference  to  all  matter,  and  ih.e 
earth  and  moon  reciprocally  attract  one  the  other,  the  knowledge  of  this  fact 
wOl  help  us  to  understand  that  though  the  moon's  attraction  is  not  felt  to 
influence  the  solid  matter  of  the  earth,  it  may  produce  a  visible  effect  on  the 
liquid  weight  of  half  the  globe.  Exactly  in  this  way : — Suppose  an  attrac- 
tive power — that  of  the  magnet,  for  instance — be  applied  to  a  compact  piece 
of  iron,  the  iron  springs  forward  to  meet  it  in  a  sohd  form,  merely  because 
the  composing  particles  are  closely  bound  together.  Suppose,  further,  that 
you  move  your  hand  rapidly  in  a  basin  of  water,  the  water  will  be  urged 
over  the  edge  of  the  basin ;  yet,  when  the  hand  is  removed,  the  liquid  element 
settles  again,  smooth  and  unaltered,  as  .before ;  or  if  a  stone  be  put  into  it, 
no  ruggedness  or  inequality  is  per- 
ceptible ;  the  waters  close  round,  it, 
filling  even  the  smallest  interstice,  ^ 
and  showing  the  ease  with  which  their  ^ 
particles  may  be  separated,  without 
producing  any  obvious  effect.  Nothing 
of  the  kmd  occurs  with  regard  to 
solid  masses ;  and  from  this  difference  ^^S- 1* 

results  that  wonderful  effect  which  we  have  just  witnessed  in .  the  rushing 
onward  of  the  tide. 

As  the  earth  and  moon  mutually  attract  each  other,  their  distance  is 
regulated  by  this  simple  fact,  as  also  by  the  velocity  with  which  the  moon 
progresses  m  her  circling  dance.  There  is,  consequently,  no  perceptiUe 
difference  from  year  to  year  as  regards  the  solid  earth;  but  as  respects 
the  sea  it  is  otherwise :  the  moon's  attraction  of  the  earth  is  neutralised 
bjr   the  eounteraoting   attraction  of  the   earth  for   the   moon,    but  the 
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waters,  wHoli  cover  three-fonrihs  of  her  sur&oe,  are  perceptibly  drawn 
towards  that  quarter  where  the  moon  exercises  her  influence. 

All  this  is  obvious  ;  but  how  wonderful  is  the  fact  that  not  only  is  the 
water  nearest  to  the  moon  drawn  towards  her,  but  that  the  water  on  tiie 
opposite  side,  and  consequently  fax  removed  from  her  influence,  is  aflected 
in  like  manner.  The  real  form  of  the  sea,  therefore,  when  thus  acted  upon, 
may  be  compared  to  that  of  an  egg,  the  small  ends  being  formed  by  the 
attraction  of  our  sister  planet,  and  ^e  flattened  sides  £rom  tiie  diminution 
of  water  in  those  parts,  as  shown  in  the  above  figures.  Hence  the  same 
effects  are  produced  twice  in  the  lunar  month,  at  new  and  fuU  moon,  when 
the  waters  are  attracted  towards  her,  either  near  or  more  remotely — that  is, 
at  the  zenith  and  nadir. 

The  sun  also  exercises  a  certain  influence,  yet  not  so  powerful  as  that  of 
the  mild  luminary  which  reflects  his  beams.  Although  considerably  larger, 
his  distance  is  in  a  much  greater  ratio,  and  therefore  his  specific  attrac- 
tion is  far  less,  being  considered  as  1  to  5.  We  must,  consequentiy, 
subtract  the  sun's  attraction,  according  as  it  assists  or  opposes  that  of  the 
moon. 

We  will  suppose  that  the  moon  is  in  qrmdrature — that  is,  in  the  first  or 
last  quarter ;  the  Sun,  the  Earth,  ana  Moon  (S.E.MJ  forming  a  right- 
angled  triangle.  Thus  circumstanced, 
the  sun  acts  on  a  portion  of  the  earth 
at  ft,  which  is  precisely  a  quarter  of 
a  circle  removed  from  the  spot  o,  on 
which  the  moon  acts,  and  which  is 
depressed  in  consequence  of  that  ac- 
tion. Thus  it  happens  that  the  moon 
occasions  the  waters  to  rise  at  the  two 
parts  a  and  a'  in  the  proportion  of  5, 
Pig.  2.— NBAP  TIDE.  ^hile  the  sun's  influence  at  h  andft'  is 

in  the  proportion  of  1 ;  and  by  these  means  four  risings  of  the  water  are 
occasioned  instead  of  two.  By  subtracting,  therefore,  the  sun's  effect  1, 
firom  the  moon's  effect  5,  four  remain,  and  this  expresses  the  highest  tide 
occasioned  by  the  position  of  the  heavenly  luminaries. 

But  supposing  that  the  moon  is  either^//  or  new,  she  forms  a  line  with 
the  earth  and  sun,  and  the  action  of 
the  sun  and  moon  being  concentrated 
to  the  same  points,  the  risings  of  the 
tide  will  be  much  greater  than  if  the  / 
Sim  was  otherwise  situated.  Whether  \ 
the  moon  be  new,  as  at  m.  Fig.  3,  or 
fuU,  as  at  w.  Fig  4,  it  does  not  signify  ; 
in  either  case  the  effiect  is  to  raise  the 
waters  at  a  a',  and  to  depress  them  at 
h  b',  because  the  attractive  force  of  the^^?-  3.~speing  tide  at  the  new  moon. 
two  bodies,  when  the  moon  is  new,  operates  most  powerfully  at  a,  less  at  a,, 
and  partially  at  h  and  h'.  When  the  waters  subside  at  h  and  h',  tiie  greater 
portion  flows  off  towards  a,  and  the  lesser  bears  its  tributary  current  to 
raise  the  waters  at  a',  where  they  are  less  affected  by  the  attracting  bodies. 
The  same  may  be  said  with  reference  to  the  full  moon,  Fig.  4,  where  the 
rise  at  a  and  a'  is  followed  by  a  subsiding  at  h  and  h'. 
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It  must  not,  however,  be  forgotten  that  the  singular  fact  of  high  water 
at  the  zenith  and  nadir  at  one  and  the  same  time  owes  much  to  the  cen- 
trifugal force  of  the  water ;  that  is,  to 
the  effort  which  a  body  compelled  by 
gravitation  to  revolve  m  a  curve,  con- 
tinually makes  to  fly  off  in  a  riffht 
line  at  a  tangent  to  that  curve.  * '  This 
force  is  caused  by  the  rotation  of  the 
earth  on  its  axis,  and  is  greatest  at 
the  contrary  side  of  the  earth  to  the 
moon."  H^hwater,  therefore,  nearest 
to  the  moon,  results  from  her  positive   ^'^S-  4.— speing  tide  at  thb  full  moon. 
attraction ;  on  the  side  furthest  from  the  moon,  to  uninterrupted  centrifugal 
force. 

Such  is  the  theory  of  the  tides.  "As  the  earth,"  says  a  modem  writer, 
"revolves  on  her  axis,  the  protuberant  waters  travel  in  the  opposite  direc- 
tion, being  chiefly  influenced  by  the  moon,  and,  to  a  certain  extent,  by  the 
sun.  The  former  comes  to  the  south  of  us,  every  day  later  than  on  the  pre- 
ceding ;  and  the  time  of  high  tide  is  also  later  every  day  in  the  same  pro- 
portion, which  sufficiently  indicates  the  superior  attraction  of  the  moon." 
We  have  already  noticed  that  two  o^osite  high  tides  occur  simultaneously 
on  the  surface  of  the  earth ;  and  henoe  it  follows  that  every  part  experiences 
two  high  tides  and  two  low  tides  intermediate  between  mem  duciiig  tiie 
period  of  its  diurnal  revolution.  In  the  open  sea  these  alternations  take 
place  at  intervals  of  about  six  hours  apart;  but  in  rivers  considerable 
irregularities  occur,  owing  to  impediments  occasioned  by  rocks  or  natural 
barriers ;  and  hence  the  tide  rises  higher  than  out  at  sea.  Now,  in  order  to 
supply  the  additional  quantity  of  water  to  those  two  portions  which  are  in  a 
line  with  the  centres  of  the  moon  and  earth,  both  seas  and  rivers,  on  eithei 
side,  contribute  a  portion  of  their  waters,  yet  only  temporarily ;  for  the 
waters  come  back  to  them  again  in  about  six  hours,  although,  as  we  have 

1'ust  remarked,  the  ebb  and  flow  are  frequently  retarded  or  increased  by 
ocal  circumstances ;  hence  it  follows  that  high  tides  happen  at  different 
times  in  portions  of  the  world  that  are  nearly  contiguous. 

The  revolution  of  the  moon  around  the  earth  occurs  while  the  earth  is 
making  rather  more  than  one  revolution  on  her  axis,  during  which  time  two 
ebbs  and  two  flows  are  completed ;  high  water  is  conse(]^uently  about  three- 
quarters  of  an  hour  later  on  each  succeeding  day.  Tides  at  new  and  full 
moon,  which  are  greater  than  those  when  the  moon  is  in  quadrature,  are 
called  spring  tides,  the  other  neap  tides.  Tides,  moreover,  vary  in  their 
fulness  from  another  cause,  namely,  as  the  moon  revolves  in  an  elliptical 
orbit,  she  is  at  one  time  nearer  to  the  earth  than  at  another ;  and  conse- 
quentiy,  if  the  spring  tide  happens  when  this  is  the  case,  the  tides  will  be 
higher  than  if  she  was  more  remote ;  if,  also,  the  earth  at  the  same  time  be 
at  ner  nearest  distance  from  the  sun  at  spring  tide,  the  flowing  of  the  waters 
will  then  be  at  the  greatest  that  can  occur. 

We  might  naturmy  conjecture  that  high  water  would  be  tmiformly,  in 
oceanic  or  river  sites,  immediately  beneath  the  moon ;  but  such  is  not  the 
case.  The  moon's  attraction  requires  time  in  order  to  produce  a  full  effect; 
and  sailors  flnd,  accordingly,  that  three  hours  must  elapse,  even  when  out  al 
sea,  before  the  completion  of  the  highest  tide ;  or,  in  otiier  words,  if  the 
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moon  looks  down  on  any  given  spot  at  twelve  o'clock,  it  will  not  be  high 
water  until  three.  Hence  it  happens  that  the  spring  tide  does  not  take  place 
till  about  three  days  after  new  or  full  moon,  and  that  the  greatest  spring 
tide  happens  in  February  and  October. 

Should  it  chance  that  the  moon  is  above  the  horizon  more  than  twelve 
hours  in  the  twenty-four,  one  of  the  tides  is  higher  than  the  other  on  that 
day ;  and  this  is  readily  accounted  for,  because  Uie  attraction  of  the  moon 
acts  upon  the  waters  that  are  immediately  beneath  her  for  a  longer  period. 
If,  on  the  contrary,  Ihis  fair  planet  is  above  or  below  the  horizon  for  nearly 
equal  periods,  the  two  tides  are  also  nearly  equal. 

Libra,  or  the  Balance,  is  the  first  of  the  autumnal  signs,  and  the  seventh 

amongst  its  brethren.  Emblematic  of 
that  equality  which  subsists  between 
the  day  and  night,  its  denotive  cha- 
racter £>:  is  aptly  represented  by  a 
pair  of  scales  in  equilibrio,  because 
the  days  and  nights  are  nearly  equal, 
except  at  the  poles.  In  poetic  fiction, 
the  Balance  belongs  to  the  goddess 
Astrsea,  and  is  referred  to  by  Homer, 
Virgil,  and  Milton. 

Look  up!    The  heavens  are   now 

LIBRA,  OK  THE  BALANCE.  ^loriously  bedcckcd  with  stars.     At 

first  a  very  few  of  the  largest  magnitude  became  visible ;  others  succeeded 

when  twilight  deepened  into  night;  and  now  we  can  distinguish  clearly 

such  as  may  well  detain  us  for  some  time  longer  beside  the  deep,  deep  sea. 

Altair  is  nearly  on  the  meridian  at  an  altitude  of  46|o ;  and  Vega^  or  a 
Lyra,  is  nearly  west  of  the  meridian,  N.  by  "W.  from  Altair.  Nearly  mid- 
way between  that  star  and  the  south-western  point  of  the  horizon,  Ras 
Atgethi  and  -Ras  Alhague  have  become  visible ;  the  first  pertaining  to  the 
constellation  Hercules,  the  second  to  Serpentarius,  or  the  Serpent-Bearer, 
Korth- westward  of  Vega,  and  at  nearly  20°  distant,  gleams  the  head  of 
Draco,  or  the  Dragon.  Ajcturus  occupies  a  position  "W.  by  N.,  within  19*^ 
of  the  horizon.  The  Northern  Crown  may  be  seen  at  a  higher  point  than 
Arcturus ;  it  is  nearly  due  west,  and  somewhat  nearer  to  the  horizon  than 
to  the  zenith.  The  Great  Bear  appears  in  a  north-westerly  direction,  though 
in  a  lower  altitude  than  has  been  hitherto  his  wont.  Cor  Caroli,  or  Bling 
Charles's  Heart,  verges  upon  N.W.  by  "W.,  at  23°  of  altitude.  Eastward  of 
tiie  meridian  beams  Capella,  in  a  direction  nearly  N.N.E.,  at  an  elevation  of 
15°.  Menkalina,  or  /3  Aurigse,  a  star  of  the  second  magnitude,  is  seen  east 
of  Capella,  or  the  Goat,  at  a  little  lower  elevation.  Midway  between  the 
zenith  and  the  north-eastern  horizon,  Cassiopeia,  "the  proud  Ethiop  queen," 
appears  in  the  north-east.  "We  have  not  forgotten  the  Square  of  Pegasus, 
though  at  a  greater  elevation  than  in  July,  and  now  apparent  in  a  direction 
E.  by  S.  North-east  of  Altair,  at  an  altitude  of  above  50°,  the  Dolphin  has 
become  visible  a  few  degrees  eastward  of  the  meridian. 

The  southern  quarter  of  the  heavens  is  now  beautifullj  varied  with 
numerous  constellations,  although,  with  the  exception  of  Anes  and  Pisces, 
they  are  mostly  at  a  low  altitude.  The  first  may  be  readily  discovered  in 
the  direction  E.  by  N. ;  the  second  is  due  east,  and  next  to  Aries.  Aquarius 
has  risen  westward  of  Pisces,  in  a  locality  S.S.E. ;  Caprioomus  westward 
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from  Aquarius,  nearly  in  the  south;  Sagittarius,  or  the  Archer,  and 
Sobieski's  Shield,  are  also  S.W. ;  while  Scorpio  is  situated  still  further  to 
the  west. 

See  you  not  that  large  irregular  whitish  zone  stretching  athwart  tiie  sky 
from  one  part  of  the  firmament  to  another  ?  That  mighty  zone  is  called  the 
(Jalaxy,  or  Milky  Way,  and  when  traced  throughout  its  circling  path,  is 
found  to  enobmpass  the  heavens,  though  broader  and  more  brilliant  m  some 
portions  than  in  others.  Astronomers  and  poets  in  all  ages  have  alluded  to 
this  mighty  zone,  but  none  more  beautifully  than  Milton,  in  his  Seventh 
Book  01  Paradise  Lost,  when  describing  the  ascent  of  angels  in  the  train  of 
their  Creator : — 

"So  sung 
The  glorious  train  ascending :  he  throngh  heaven. 
That  open'd  wide  her  blazing  portals,  leA. 
To  God's  eternal  house  direct  the  way — 
A  broad  and  ample  road,  whose  dust  is  gold, 
And  pavement  stars,  as  stars  to  thee  appear. 
Seen  in  the  galaxy,  that  milky  way. 
Which  nightly  as  a  circling  zone  thou  seest 
Powder*d  with  stars." 

"We  have  traced  this  fair  circle  in  the  map  of  stars  on  Mercator's  projec- 
tion ;  let  us  endeavour  to  apply  the  knowledge  which  we  have  gained  by 
observing  its  actual  position  in  the  heavens.  Commencing  from  the  head  of 
Cepheus,  or  about  30^  from  the  North  Pole,  we  observe  that  it  proceeds 
through  Cassiopeia,  Perseus,  Auriga,  part  of  Orion,  and  the  feet  of  Gemini. 
At  this  point  it  crosses  the  zodiac,  winds  across  the  equinoctial  line  into  the 
southern  hemisphere,  and  divides  the  Unicom  and  ship  Argo,  where  its 
luminosity  is  most  conspicuous.  Charles's  Oak,  the  feet  of  the  Centaur,  the 
Cross,  the  Altar,  and  the  tail  of  Scorpio,  the  bow  of  Sagittarius,  and  a  part 
of  Ophiuchus,  lie  also  in  its  course.  When  passing  over  the  zodiac  into 
the  northern  hemisphere  it  is  parted  into  two  branches:  of  these  the 
first  runs  through  the  tail  of  Scorpio,  the  bow  of  Sagittarius,  the  shield 
of  Sobieski,  the  feet  of  Antinous,  Aquila,  Delphinus,  the  Swan,  and  Arrow ; 
the  second  winds  through  the  upper  portion  of  the  tail  of  Scorpio,  the  side  of 
Serpentarius,  Taurus,  Poniatowski,  the  Goose,  and  the  neck  of  the  Swan,  at 
which  point  the  two  branches  again  unite,  and  proceed  to  the  head  of 
Cepheus,  where  we  commenced  our  observations,  after  remaining  separate  for 
more  than  100^.  We  may  also  observe  a  brief  separation  of  the  Milky  Way 
between  Cassiopeia  and  Perseus,  forming  two  small  streams,  which  again 
unite  in  the  sword  of  Perseus. 

How  beautiful  is  this  wondrous  zone,  whether  appearing  dense  and  lumi- 
nous, or  faint  and  scattered,  whether  broad  or  narrow !  In  some  places  its 
breadth  is  about  four  or  five  degrees,  in  others  from  ten  to  eighteen  degrees ; 
and  such  is  its  peculiar  appearance,  that  at  every  season  of  the  year  it  is  more 
or  less  visible,  though  most  conspicuous  and  clear  during  the  months  of 
August,  September,  October,  and  November. 

Astronomers  relate  that  this  **  thin  gauzy  band  of  light,"  which  seems  to 
encircle  the  dome  of  heaven,  consists  of  innumerable  stars,  and  yet  so  dis- 
tant as  to  present  only  in  their  aggregate  that  dim  zone  which  is  called 
the  Galaxy,  or  Milky  Way.  The  wder  Herschel,  by  means  of  a  powerful 
telescope,  reckoned,  in  one  portion  only,  about  250,000  stars. 
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CHAPTER  X. 

OCTOBER. 

"The  sun 
Is  centre  to  the  world,  and  other  stars 
By  his  attractive  virtue  and  their  own 
Incited,  dance  about  him  various  rounds. 
Their  wandering  course  now  high,  now  low,  then  hid. 
Progressive,  retrograde,  or  standing  still.'* 

*' Father,"  said  Walter,  "why  is  it  that  one  star  twinkles,  and  that 
another  shines  quietly ;  that  some  are  large,  and  others  small  ?" 

** My  child,  I  cannot  tell  you,"  replied  the  father;    "but  this  I  know, 
that  as  one  star  diflfereth  from  another  star  in  glorv,  so  is  the  resurrection 
of  the  dead.     It  is  sown  a  natural  body,  it  is  raised  a  spiritual  body ;    and ' 
never  do  I  look  up  to  the  stars  without  thinking  of  your  litde  sister,  at 
whose  burying  those  comfortable  words  were  spoken  by  the  minister." 

"  You  tell  us  the  names  of  flowers  in  the  ields,  mther,"  answered  the 
eager  youth ;  "I  know  the  harebell  and  the  cowslip,  the  primrose  and 
marsh-marigold,  the  cuckoo-flower  and  corn-cockle,  oecause  you  taught 
me ;"  and  thus  saving,  Walter  looked  beseechingly  in  his  father's  face, 
begging  him  to  tell  something  about  the  stars. 

It  chanced  that  an  astronomer  was  passing  at  the  time,  on  his  way  to  the 
summit  of  a  neighbouring  hill,  in  order  to  observe  the  beauty  of  those 
sparkling  luminaries— for  his  own  dwelling  lay  low  among  the  trees.  He 
heard  the  question  of  young  Walter,  and  opening  the  wicket-gate  that  led 
into  the  cottage-garden,  he  courteously  asked  leave  to  enter. 

John  Eogers,  me  master  of  that  small  domain,  was  a  working  man  of  no 
ordinary  intellect.  He  taught  his  children  the  names  and  uses  of  such  trees 
and  flowers  as  best  he  knew,  and  concerning  the  habits  and  instincts  of 
different  animals ;  it  was  his  greatest  delight  to  gather  them  around  him  in 
the  cottaffe  porch,  after  his  day's  work;  and  that  evening  he  was  explaining 
the  wonderful  construction  of  the  meadow-saffiron,  when  young  Walter, 
thinking  that  his  father  knew  as  much  about  stars  as  flowers,  wished  to  leam 
somewhat  concerning  the  myriads  that  sparkled  above  his  head. 

The  astronomer  was  cordially  welcomed,  and  having  seated  himself  in 
the  rustic  porch,  he  sought  to  adapt  his  language  to  ms  hearers  while  he 
unfolded  a  small  portion  of  his  favourite  science.  The  evening  was  serenely 
beautiful ;  the  air  fresh,  yet  mild ;  the  trees  displayed  those  gorgeous  tints 
which  adorn  the  woods  in  autumn — some  were  russet,  others  yellow,  others, 
again,  of  the  brightest  orange ;  and  on  high,  the  stars  twinkled  with  that 
vivid  clearness,  which  often  renders  our  autumnal  evenings  so  eminently 
beautifid. 

"My  young  friends,"  said  the  astronomer,  "you  are  happy  in  possessing 
a  parent  who  instructs  you  concerning  the  plants  and  animals,  and  who 
enables  you  to  regard  them  as  gifts  fromyour  Heavenly  Father,  to  be  used 
for  your  advantage,  and  to  His  glory.  He  can  teach  you  many  things  with 
which  I  am  unacquainted,  while  I,  on  my  part,  have  acquired  some  lunds  of 
knowledge  to  which  his  attention  has  not  yet  been  directed.  Shortly, 
however,  he  will  be  able  to  answer  your  inquiries  respecting  yonder  stara> 
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and  in  the  mean  time  I  will  endeayour  to  make  you  understand  wherein  a 
planet^differs  from  a  star. 

"  Stars  shine  by  their  own  native  light,  having,  so  to  speak,  light  within 
themselves.  They  glitter  in  the  vast  dome  above  our  heads  like  little 
spangles ;  while  such  of  the  planets  as  become  visible  at  different  periods, 
and  may  be  seen  with  the  naked  eye,  are  illumined  by  the  sun,  however 
distant. 

"The  word  *  planet '  signifies  a  wanderer — ^it  is  a  heavenly  body  which 
moves  round  another,  as  the  earth  on  which  we  dwell  revolves  about  the  sun. 
Several  have  been  discovered;  the  circles  in  which  they  perform  their 
ceaseless  journeys  are  termed  orbits ;  and  as  two  of  them  are  nearer  to  the 
sun  than  we  are,  they  are  called  inner,  or  interior ;  while  the  others,  being 
more  distant,  are  termed  outer,  or  exterior. 

"MEECUEY. 

"  Each  planet  has  a  distinctive  name.  The  one  nearest  to  the  sun  is 
Mercury ;  and  the  time  which  he  takes  in  going  round  the  sun  is  nearly 
eighty-eight  days — a  period  that  forms  his  year.  In  reference  to  which,  you 
must  bear  in  mind  that  spring  and  summer,  autumn  and  winter,  are 
occasioned  by  the  revolution  of  the  Earth  in  like  manner ;  as  also  that  day 
and  night  are  caused  by  her  turning  round  in  twenty-four  hours,  as  you 
have  seen  an  apple  when  the  string  to  which  it  is  suspended  has  been 
twisted,  and  the  apple  set  in  motion. 

"This  movement  is  termed  the  revoluion  of  the  Earth  upon  its  axis. 
Mercury,  also,  has  his  day  and  night,  which  are  longer  than  ours  by  five 
minutes  and  a  half. 

"The  amount  of  light  and  heat  received  by  this  planet  is  very  consider- 
able. As  regards  the  first,  it  is  stronger  than  in  the  longest  of  our  summer 
days ;  as  respects  the  latter,  it  surpasses  the  hottest  of  our  summer  months, 
and  both  naturally  result  from  the  nearness  of  Mercury  to  the  sun.  Hence 
we  do  not  often  speak  of  him  as  either  a  morning  or  evening  star  ;  nor  is 
he  often  visible,  because  he  is  lost  as 
it  were  in  the  brightness  of  the  sun's 
beams.  True  it  is,  that  when  in  windy 
weather  both  clouds  and  vapours 
are  chased  away,  this  planet  may  be 
discerned  immediately  before  sunrise 
in  the  morning,  and  just  after  sunset 
in  the  evening.  He  is  visible  in  the 
constellation  Virgo  during  the  present 
month,  and  may  be  distinguished  by 
his  bluish  tint.  If  the  weather  is 
favourable,  and  the  sky  cloudless,  you 
can  discern  him  as  a  morning  star, 
rising  at  4h.  36m.  on  the  first ;  at  4h. 
25m.  on  the  27th ;  at  4h.  d6m.  on 
the  18th ;  and  at  6h.  24m.  on  the  last 
day.     He  is  most  favourably  situated 

for  observation  between  the  4th  and  opposition. 

12th,  rising  till  the  20th  near  the  east,[^and  on  the  25th  at  the  E.   by  S. 
points  of  the  horizon. 
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"You  will  like  to  know  how  it  can  be  proved  that  planets  do  not  shine 
by  yirtue  of  any  inherent  light,  but  by  such  as  is  renected  from  the  sun. 
Simply  because  when  Mercury,  for  instance,  is  seen  at  the  greatest  dis- 
tance from  the  orb  of  day,  his  illuminated  surface  has  neany  the  form 
of  a  half  circle — ^more  or  less,  according  to  the  position  of  the  earth. 
But  wben  he  is  passing  round  the  opposite  side  of  our  rolling  planet, 
the  bright  portion  becomes  more  than  a  half  circle — it  assumes  that  form 
which  is  called  gibbous ;  or,  in  other  words,  is  greater  than  half,  and  less 
than  full.  When,  therefore,  Mercury  is  at  his  greatest  distance  from  the 
Earth,  the  intermediate  sun  shuts  out  all  yiew  of  his  swiftly-moving 
orb,  and,  consequently,  the  whole  of  that  part  which  is  brightly  shone  upon 
can  never  be  seen  from  the  Earth.  When,  on  the  contrary,  he  emerges  on 
the  other  side  of  the  Sun,  he  again  becomes  visible,  and  rapidly  takes  the 
form  of  a  semicircle,  while  journeying  to  the  position  in  which  he  forms  a 
triangle  with  the  Sun  and  Earth.  Wnen,  also,  he  approaches  nearer  to  the 
Earth,  his  half-circular  appearance,  or  phase,  diminishes  to  a  crescent ;  and 
this  assumes  the  smallest  dimensions  when  Mercury  is  exactly  above  or 
beneath  the  Sun,  in  which  position  very  few  of  the  solar  rays  are  reflected 
from  his  surface — and  even  those  few  are  nearly  lost  to  him  who  ajudoosly 
watches,  through  his  telescope,  the  *  nimble-footed  planet,' 

«  whose  disc 
Can  scarce  be  caught  hj  ^likMopliie  eye, 
LiMt  in  th'  near  effulgence  of  the  solar  blaze." 

"Conjunction  and  opposition  are  terms  that  frequently  occur,  and  can 
best  be  understood  by  reierring  to  the  aspect  of  the  heavens,  as  shown  on 
a  small  chart,  which  you  will  soon  be  able  to  understand. 

"Supjgosing  Mercury  to  be  exactly  between  the  Earth  and  Sun,  he  is  said 
to  be  in  inferior  conjunction  with  the  Sun;  but  if  that  great  fountain  of 
light  be  exactly  between  this  planet  and  ourselves,  he  is  in  a  position  that 
is  termed  superior  conjunction ;  the  terms  inferior  and  superior,  as  before 
observed,  having  respect  to  smaller  or  greater  distances  from  the  Earth.  If, 
moreover.  Mercury,  or  any  other  planet,  be  either  a  little  below  or  above  a 
line  that  may  be  drawn  from  the  centre  of  the  Earth  to  the  Sun,  it  is  still 
said  to  be  in  conjunction. 

*' Astronomers  also  apply  the  term  opposition  to  two  planets  when  so 
situated  that  one  particular  plane,  passing  through  both  tneir  centres,  will 
also  pass  through  the  centre  of  the  earth,  the  earth  being  between  the  two 
bodies.  This  position  cannot  occur  with  respect  to  Mercury  and  Venus, 
because  their  orbits  are  smaller  than  that  of  the  Earth,  which  can,  in  conse- 
quence, never  pass  between  them  and  the  great  centre  aroimd  which  the 
heavenly  luminaries  revolve. 

**  *  Plane*  signifies  in  Latin  smooth ;  it  is  an  imaginary  surface,  supposed 
to  pass  through  the  centre  of  the  Earth  or  other  planets,  and  extending  to 
the  heavens,  is  called  the  plane  of  the  Earth's  orbjt. 

**  VENUS. 

'  Fairest  of  stars,  lost  m  the  tram  of  night. 
If  better  thou  belong  not  to  the  dawn, 
Snre  pledge  of  day,  thou  crown'st  the  smiling  m«m 
With  thy  bright  circlet !' 

<<  Thus  sang  the  poet  of  Venus ;  and  we  need  not  wonder  that  men  in  all 


444  THE  HOME  TxrroB. 

ages  haye  hailed  with  delight  that  beauteous  planet  which  glitters  like  a 
gem  in  the  immensity  of  space,  when  the  most  conspicuous  constellations 
can  hardly  be  discovered. 

*^  No  other  planet  shines  with  such  clearness  and  brilliancy;  nor  is  this 
extraordinary.  Yenus  is  our  nearest  neighbour ;  sdie  is,  moreover,  of  large 
dimensions,  her  diameter  being  at  least  7,800  miles,  her  orbit  about 
433,000,000  of  miles ;  and  this  she  traverses  in  about  225  days :  eight  of  her 
years  are,  consequently,  about  equal  to  five  of  ours. 

^*  Look  at  that  lovely  planet.  We  must  wateh  her  for  a  considerable  time 
before  any  change  is  perceptible  in  her  position  among  the  stars,  and  yet  she 
moves  in  her  orbit  at  the  rate  of  75,000  miles  an  hour ;  and  as  regards  her 
own  daily  rotation,  it  occupies  about  twenty-three  hours  and  twenty-five 
minutes,  a  rotation  which  may  be  accurately  noted  by  watching  the  perma- 
nent spots  on  her  surface.  Yenus,  during  the  present  mon&i,  is  in  the 
oonstellation  Yirgo  till  the  24th ;  she  then  passes  into  Libra,  and  remains 
among  the  widely-scattered  stars  of  that  oonstellation  till  the  end  of  October. 
Those  who  like  to  note  the  periods  of  her  rising  and  setting  may  observe 
that  they  occur  near  the  east  and  west  points  of  the  horizon  on  the  1st  day; 
at  the  E.  by  S.  and  W.  by  S.  on  the  11th ;  and  at  the  E.S.E.  and  W.S.W. 
towards  the  end  of  the  month. 

**  It  is  a  beautiful  sight,  my  friend,"  continued  the  astronomer,  **  to  see 
this  glorious  planet,  in  the  stillness  of  the  silent  night,  visible  above  the 
horizon  for  more  than  three  hours  before  a  kindling  glow  announces  the 
break  of  day,  and  often  for  as  long  a  period  after  the  siin  has  set."  The 
peasant  answered  ^'that  the  same  bright  star  had  often  cheered  many  a 
solitary  hour  when  watching  his  master's  flock  on  the  wide  moor  ;  it  nad 
seemea  to  him  as  a  Mend,  whose  familiar  countenance  was  ever  near— 
as  one  who  cared  for  and  watched  over  him — the  first  to  rise,  the  last  to 
set." 

**  Yes,  and  when  you  look  upon  the  star  again,  which  men  in  olden  time 
termed  the  Light-bearer,  because  of  her  long-continued  radiance  and  the 
beauty  of  her  beams,  remember  that  this  star  possesses  a  degree  of  light 
and  heat  nearly  twice  as  great  as  what  is  assigned  to  us,  and  that,  in  conse- 
quence of  her  sloping  position  towards  the  sun,  some  portions  of  her  surface 
may  have  four  seasons  twice  in  the  year. 

**  *  The  heavens  declare  the  glory  of  God  ;  and  the  firmament  showeth  his 
handiwork.  Day  imto  day  uttereth  speech,  and  night  unto  night  showeth 
knowledge.  There  is  no  speech  nor  language  where  their  voice  is  not 
heard.'*  The  most  imleamea  may  hear  aright  concerning  the  majesty  and 
goodness  of  their  great  Creator ;  but  how  much  is  the  pleasure  heightened,  and 
what  thoughts  are  awakened  in  the  mind,  when  somewhat  is  known  respect- 
ing the  laws  by  which  the  movements  of  the  stars  are  regulated,  and  tiie 
wonders  that  pertain  to  each ! 

**  Let  us  now  consider  the  outer  planets,  or  those  which  revolve  around 
the  Sun ;  and  in  order  more  fully  to  comprehend  them,  I  shall  supply  you 
with  a  sketch  of  the  Solar  System. 

**  Mars  is  the  nearest  planet  exterior  to  the  Earth,  and  is  remarkable  for  a 
peculiar  ruddiness  of  colour.  "Why  it  has  pleased  the  Creator  that  a  planet 
which  is  farther  from  the  Sun  than  any  other  should  not  be  provided  with  a 
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moon,  is  a  question  which  none  have  solved.  There  is,  however,  good  rea- 
son to  believe  that  the  nature  of  his  atmosphere,  or,  in  other  words,  the 
air  which  surrounds  him,  is  such,  that  so  much  of  the  Sun's  light  is  absorbed 
and  made  available  as  to  render  a  moon  unnecessary. 

**  This  planet  is  rather  more  than 
half  the  size  of  the  Earth.  His  year 
consists  of  about  687  of  our  days,  and 
he  revolves  upon  his  axis  in  a  little 
more  than  24  hours  and  39  minutes ; 
hence  his  day  is  somewhat  longer 
liian  ours.  The  period  of  his  revolu- 
tion around  the  Sun  is  about  668  of  his 
days,  and  this  he  accomplishes  with  a 
v^ocity  of  53,000  miles  an  hour.  He 
is  conjectured  to  receive  about  half 
the  degree  of  light  and  heat  which  is 
Eissigned  to  us,  but  in  a  similar  proportion  throufi^hout  the  year,  in  conse- 
g[uence  of  his  axis  being  inclined  to  the  plane  of  the  ediptic  nearly  at  an 
angle  with  ours,  though  much  further  off  than  the  Sun.  By  means  of  a  good 
teleucope  his  poles  are  seen  to  present  a  white  appearanoe,  which  is  most 
)bservable  when  they  are  inclined  from  the  Sun,  more  faint  when  tamed 
!x)wards  him.  Astronomers  conjecture  that  these  white  spots  are  polar 
mows ;  and  this  conjecture  is  coimrmed  by  their  partial  disappearance  and 
increase  in  the  summer  and  winter  of  the  pWet. 

**  Another  planet,  called  Jupiter,  largest  among  his  brethren,  and  conse- 
quently brightest,  with  the  exception  of  Yenus  when  she  approaches  near 
jhe  Earth,  is  89,000  miles  in  diameter.  He  moves  around  the  Sun  in  about 
twelve  years,  and  revolves  upon  his  axis  with  a  rapidity  twenty-five  times 
p:eater  than  that  of  the  Earth.  His  distance  from  the  Sun  is  very'consider- 
ible,  and  therefore  the  dwellers  on  his  surface  receive  less  light  and  heat 
;han  we  enjoy.  But  this  deficiency  is  made  up  to  them  in  a  great  degree 
)y  the  swiftness  of  his  rotation,  and  the  presence  of  four  attendant  moons. 
Jnlike  other  planets,  his  axis  being  perpendicular  to  the  plane  of  his  orbit, 
lis  seasons  are  uniform,  and  his  days  and  nights  of  the  same  lengths 

**  When  examined  through  a  telescope,  Jupiter  appears  as  if  surrounded 
)y  numerous  belts,  that  vary  considerably ;  at  one  time  they  are  fbduced 
»  one  or  two  in  number ;  at  others  they  amount  to  seven  or  eight ;  occasion- 
dly  they  continue  stationary  for  some 
nonths,  and  then  again  they  alter  in  the 
jourse  of  an  hour.  It  has  therefore  been 
K)njectured  that  these  zones  or  belts  are 
(aused  by  changes  in  the  atmosphere, 
ind  th^t  the  darker  portions  are  the  body 
»f  the  planet,  seen  through  a  luminous,  though  clo^idy  medium. 

**  Four  moons  revolve  around  the  planet.  If  tiie  nights  are  clear,  they 
nay  be  seen  with  a  telescope  that  magnifies  considerably  less  than  thirty 
imes,  and  the  appearance  which  they  present  is  beautiful.  Yarying  in  the 
►eriods  of  their  revolution,  the  first  occupies  one  day  and  eighteen  hours;  the 
econd,  three  days,  thirteen  hours ;  the  third,  seven  days,  three  hours ;  the 
Durth,  sixteen  days,  sixteen  hours.  These  moons  resemble  our  attendant 
lanet,  and  each  revolves  on  its  respective  axis  around  the  globe,  which 
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they  are  evidently  designed  to  enlighten :  they  were  discoyered  hj  Galileo 
— ^nrst  fruits  of  the  invention  of  the  telescope,  that  wondrous  combination  of 
oonvex  and  concave  lenses,  placed  in  certain  positions  with  regard  to  one 
another,  which  enabled  that  illustrious -astronomer  to  explore  the  stany 
heavens.  The  discovery,  arising  from  a  trivial  circumstance,  has  been  im- 
properly called  accidentel.  But  those  who  read  the  Holy  Scriptures  enter- 
tain a  different  opinion.  They  remember  two  portions  of  the  inspired 
volume,  where  the  devising  of  curious  works  in  gold  and  silver,  and  in 
brass,  in  cutting  stones  and  setting  them,  and  in  all  kinds  of  cunniDg 
work,  as  also  the  common  operations  of  husbandry,  are  mentioned  as  gifts 
from  God.  The  invention  of  the  telescope  may,  therefore,  be  considered  as 
a  glorious  ^ift  to  man,  humble  as  was  its  ori^ ;  for  GuLQeo  simply  placed 
two  lenses  in  an  organ  pipe,  which  served  him  for  a  tube,  and  thus  con- 
structed the  first  telescope  that  the  world  ever  saw.  On  turning  it  towards 
the  planet  Jupiter,  he  perceived  a  small  star  in  his  vicinity,  afterwards  three 

others;  subsequently  he  ascertained 
that  they  revolved  round  the  planet, 
in  consequence  of  their  coming  in  front 
of  his  illuminated  surface,  traveUing 
to  one  side,  then  passing  round  him, 
and  emerging  on  the  other.  In  this 
Lway  were  the  moons  of  Jupiter  dis- 
covered, and  in  after  years  the  entire 
heavens  were  explored*  and  accurateij 
mapped;  and  phenomena  were  brought 
to  light,  concerning  whose  existence  no 
astronomer  had  ever  formed  a  con- 
jecture. It  seemed  as  if  the  Creator 
8C0HPI0.  Qf  tiie  universe,  by  giving   the  tele- 

scope and  microscojje  to  man,  desired  that  he  should  be  made,  in  some 
de^e,  acquainted  with  the  stupendous  vastness  and  minuteness  of  creation." 
Thus  ended  the  discourse  of  the  astronomer. 


CHAPTER  XI. 


NOVEMBEK. 


Another  of  those  vast  luminaries  which  revolve  in  the  immensity  of 
snace  is  the  planet  Saturn,  considered  till  lately  as  the  farthest  of  all  the 
planets,  and  distinguished  from  every  other  by  a  fiat  luminous  ring  extending 

round  him.  The  diameter  of  this 
stupendous  orb  is  about  ten  times, 
ana  his  whole  magnitude  about  one 
thousand  times,  that  of  the  Earth: 
he  revolves  at  an  immense  distance 
from  the  centre  of  our  system,  and 
hence  the  Sun  presents  to  the  inha- 
bitants of  Saturn  not  above  one- 
SATTJBN.  eightieth  part  of  his  size  or  disc  as 

seen  by  ua :  both  light  and  heat  are  consequently  much  diminished.    The 
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first  is  estimated  by  astronomers  rather  to  resemble  the  light  of  the  moon 
than  that  of  the  sun,  though  nearly  fiye  hundred  times  as  much  as  the  fair 
orb  of  night  imparts  when  fall,  and  the  sky  is  cloudless ;  the  second  has 
given  rise  to  many  curious  speculations,  in  reference  to  which  a  celebrated 
writer  has  conjectured  that  if  a  resident  of  that  far-off  world  was  suddenly 
conveyed  to  Lapland,  he  would  be  distressed  with  the  heat,  though  sur- 
rounded with  glaciers  and  snows  that  never  melt. 

Saturn  journeys  in  his  mighty  orbit  about  twenty-one  thousand  miles  an 
hour,  and  occupies  nearly  thirty  years  in  passing  round  the  sun.  Ten  hours 
and  a  quarter  comprise  his  day  ;*  and  this  rapid  motion  has  produced  the 
same  effect  as  in  Jupiter,  namely,  a  iiattening  of  the  poles,  and  a  protu- 
berance at  the  equator. 

When  Galileo  first  presented  his  telescope  towards  the  planet  Saturn,  he 
discovered  that  his  disc  was  not  only  crossed  by  obscure  zones  or  belts,  but 
that  he  was  surrounded  by  an  apparently  solid  ring,  now  ascertained  to 
consist  of  two  rings— -one  within  the  other,  and  having  a  dark  space  between 
them.  Sir  William  Herschel,  to  whom  we  owe  the  knowledge  of  this 
remarkable  fact,  made  known  also  that  they  reflected  a  stronger  light  thaa 
the  body  of  the  planet,  and  cast  a  shadow  upon  its  disc.  Seven  satellites 
or  moons  were  also  seen  to  pass  in  their  respective  orbits  around  the  planet, 
though  distant,  and  comparatively  but  slightly  luminous.  Magnifioent 
indeed  must  be  the  aspect  of  the  heavens,  as  seen  from  Jupiter,  with  those 
pale  beaming  moons  and  a  bright  arch  stretching  athwar^  the  firmanent, 
revolving  around  its  earth  in  about  ten  hours  and  thirty-two  minutes. 

Those  who  look  narrowly  in  a   clear  ^ 

evening  towards  the  constellation  Aries 
may  perhaps  discern  Uranus,  by  means  of 

his  bluish  tint,  though  far  remote  in  the  * 

solar  system.     He  is  in  the  constellation  * 

Aries  throughout  the  month. 

Uranus  is  a  planet  of  no  inconsiderable 
size ;  his  bulk  is  eighty  times  that  of  the 
earth ;  his  distance  from  the  sun  nineteen 
times  further  than  our  own,  and  he  per- 
forms his  annual  journey  in  eighty- three 
years  and  one  hundred  and  fifty  days ;  » 

this,  therefore,  is  the  year  of  Uranus,  his 
summer  half-year  being  upwards  of  forty- 
one  times  the  length  of  that  pleasant  sea-      •       •      ueanus, 
son  which  presents  to  us  green    leaves 

and  fruits  and  flowers,  and  Ms  winter  half-year  is  equally  long.  The  great 
luminary  from  which  we  derive  both  light  and  heat  appears  to  his  inha- 
bitants, if  such  there  be,  not  above  ^th  of  that  which  he  seems  to  us,  and 
consequently  the  light  and  heat  received  by  Uranus  are  in  the  same  propor- 
tion. Beings  constituted  like  ourselves  could  not  exist  upon  his  surface,  and 
yet  we  may  conjecture  that  living  creatures  inhabit  tnat  remote  planet, 
because  six  satellites  or  moons  revolve  around  him. 

These  moons  are  distinguishable  only  by  the  highest  telescopes.  Two 
were  readily  marked  out  by  Sir  William  Herschel ;  but  the  five  others, 
together  with  the  two  innermost  moons  of  Saturn,  are  the  most  difficult  to 
discern  among  all  the  celestial  phenomena. 
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Four  small  planets,  called  asteroids  because  of  their  semblance  to  stars, 
farther  from  the  sun  than  Mars,  but  less  remote  than  Jupiter,  have  been 
discovered  since  the  commencement  of  the  present  century.  They  are  called 
Yesta,  Ceres,  Pallas,  and  Juno ;  and  concerning  them  we  shall  presently 
have  occasion  to  speak  more  at  large. 

Men  in  olden  times  worshipped  imaginary  beings;  turning  from,  the 
adoration  of  the  one  true  God,  they  adored  me  sun  and  moon,  and  often 
deified  their  fellow  mortals,  or  creations  of  poetic  fancy ;  hence  the  names  of 
the  four  asteroids,  and  those  assigned  to  the  planets.     Symbols  were,  more-  * 
over,  attached  to  them,  and  such  are  their  different  characters : — 


O  Sun. 
D  Moon. 
5  Mercury. 
9  Venus. 
®  Earth, 
cf  Mars. 
7^  Jupiter. 


Ip  Saturn, 

y  Uranus. 

$  Pallas. 

^  Juno. 

?  Ceres. 

^  Vesta. 


These  names,  derived  from  the  "  abominations — the  idols  of  heathemsm," 
are  likewise  associated  with  such  of  the  metals  as  were  known  in  older 
times,  and  with  the  days  of  the  week. 

We  seek  not  to  explain  why  gold  and  silver  are  connected  with,  the  son 
and  moon,  when  poets  of  all  ages  and  of  all  nations  have  sung  concerning 
the  golden  sun,  and  the  silvery  light  of  the  fair  moon.  Mars — ^the  san- 
guinary deity  of  that  uiAallowed  art  which  has  deluged  the  fairest  fields  with 
blood,  namely,  war — formed  his  weapons  of  destruction  from  iron ;  that 
metal,  therefore,  is  associated  with  him.  The  planet  Mercury,  rarely  seen, 
and  then  but  for  a  short  time,  was  named  after  the  **  fleet  messenger  of  the 
gods,"  and  identified  with  quicksilver.  Tin  was  assigned  to  Jupiter, 
because  the  priests  of  Cybele,  who  are  fabled  to  have  tended  his  infancy  in 
Crete,  amused  him  with  the  clashing  of  their  tin  cymbals.  Copper  is  con- 
nected with  the  name  of  Venus,  worshipped  in  the  island  of  Cyprus — that 
classic  isle  which  supplied  the  civilized  world  with  one  of  the  metals  earliest 
used  by  man  for  making  vessels  and  utensils  of  various  kinds,  and  which, 
when  mixed  with  tin,  produced  a  third  metal,  namely,  bronze,  more  fusible, 
at  the  same  time  harder,  and  more  serviceable  for  all  common  purposes. 
Lead  may  be  regarded  as  the  type  of  Saturn,  in  consequence  of  the  duU  and 
lead-like  appearance  of  that  planet. 

By  what  means  are  those  mighty  planets  which  revolve  around  the  sun 
prevented  from  rushing  one  upon  another  ?  Why  is  it  that,  self -upheld 
m  the  immensity  of  space,  they  ceaselessly  revolve  in  their  proscribed  orbits  ? 
By  virtue  of  that  great  law  to  which  they  yield  implicit  obedience — the  law 
of  gravitation;  p,  law  employed  by  Newton  in  determining  the  boundaries, 
distances,  and  movements  oi  known  celestial  bodies,  but  which  in  the  present 
age  is  used  for  discovering  the  existence  of,  and  determining  the  distances 
and  motions  of  unknown  and  hitherto  invisible  bodies.  Hence  it  happened 
that  the  existence  of  Neptune  was  ascertained  to  a  certainty  before  that 
remote  planet  was  sought  for ;  and  which,  by  reason  of  his  immense  dis- 
tance, can  never  appear  otherwise  than  as  a  dim  twinkling  star,  even  by  aid 
of  the  most  powerriil  telescopes. 
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This  was  tbe  niode  of  his  disoavery.  Astronotaers  of  old,  as  already 
noticed^  oonteBiplated  the  seven  cireling  planets,  whioh  led  their  ceaseless 
dance  around  the  sun,  and  poets  sang  concerning  them.  At  length  Sir 
William  Hersohel  discovered  the  planet  Uranus,  or  rather  gave  him  a  plaoe 
among  the  planets ;  for  he  had  previously  been  registered  as  a  stcur  by 
Flamsteed.  Lalandje  shortly  after  determined  his  orbit  to  be  an  ellipse,  and 
in  consequence  of  remarkable  and  unaccountable  perturbation  in  his  move* 
ments,  the  Academy  of  Sciences  at  Paris  proposed  the  subject  as  a  prize 
question.  Telescopes  were  accordingly  directed  towards  Uranus,  and  eyes 
watched  aiudously  those  slight  deviations  or  irregularities  in  his  path  wmcdi 
are  common  to  all  planets,  when  acted  npoa  bv  each  other's  attractions,  in 
accordance  with  their  relative  positions.  All  this  was  readily  understood ; 
but  movements  whLcK  could  not  be  aceounted  for  continued  slowly  and 
imiformly  to  increase,  till  at  length  it  was  suggested  that  some  unknown 
body  revolved  beyond  the  orbit  of  Uranus,  and  disturbed  his  action.  The 
opinion  speedily  gained  ground,  and  six  astronomers  confidently  predicated 
that  such  was  the  case.  M.  Verier,  at  Paris,  and  Mr.  Adams,  of  Cam- 
bridge, undertook  to  solve  the  problem,  although  unacquainted  with  each 
other's  intentions^  They  set  themselves  with  unwearied  diligence  to  find  the 
place  of  an  unknown  planet  in  the  heavens  at  a  given  time,  **'  solely  from  the 
perturbations  discoverable  in  Uranus  at  given  points  of  his  orbit."  Our 
limits  will  not  admit  of  following  these  astronomers  in  their  calculations ; 
suffice  it,  therefore,  to  observe,  that  they  both  arrived  at  the  same  conehi- 
dons,  and  that  the  planet  was  found  exaetiy  in  the  place  pointed  out  by  the 
French  and  English  astronomers. 

The  difficulties  which  those  gigantic  minds  had  to  overcome  can  only  be 
ippreciated  by  scientific  men ;  the  preliminary  steps  might  have  discouraged 
ess  ardent  spirits,  and  the  calculations  would  have  baffied  minds  of  no 
)rdinary  stamp.  Every  possible  cause  for  the  perturbation  that  firrt 
ittraoted  their  notice  was  carefully  examined ;  all 'known  planets  and  sup- 
wsed  comets  were  separately  considered ;  while  before  them,  as  a  mountain 
)arrier,  uprose  the  one  great  difficulty,  viz.,  that  the  elements  of  the  undis- 
covered planet  were  unknown,  while  the  elements  of  Uranus,  whioh  could 
done  determine  them,  were  erroneous  by  reason  of,  and  from  the  action  of, 
'  the  xmknown,  though  evidently  existing  body."  The  difficulty  was,  how- 
!ver,  overcome,  and  a  great  triumph  thus  achieved  leads  back  the  mind  to 
hat  highly  gifted  astronomer,  immortal  Newton,  who  first  developed  the 
xistence  of  the  great  principle  of  gravitation,  by  aid  of  which  the  mighty 
iroblem  was  solved — a  principle  which,  doubtiess  operating  throughout  tlie 
mmensity  of  space,  causes  the  planets  to  know  their  prescribed  orbits,  and 
0  move  in  silent  glory  through  the  trackless  heavens. 

Nor  is  this  the  only  discovery  which  science  has  unfolded — the  only 
ostance  of  astronomical  research  which  sheds  a  halo  on  the  present  age : 
ther  planetary  orbs  have  been  brought  to  light,  and  such  is  a  brief  sketch 
f  this  wondrous  discovery,  abridged  from  the  narrative  of  Sir  David 
Irewster. 

Within  the  boundaries  of  our  own  system,  and  in  the  vicinity  of  this 
arth,  between  the  orbits  of  Mars  and  Jupiter,  a  wide  space  exists,  wMch, 
ccording  to  the  laws  of  planetary  distances,  ought  to  contain  a  planet, 
[epler,  the  indefatigable  astronomer  of  Wurtemburg,  predicted  that  a 
lanet  would  be  found  there,  and  his  prediction  has  been  foLiilled  within  a 
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oomparatively  recent  period.  Astronomers  of  our  own' times  discoyered,  at 
the  oe^ning  of  the  present  century,  four  small  planets,  to  whicli  they  gave 
the  names  of  Ceres,  Pallas,  Juno,  and  Yesta,  occupying  the  yexy  piaoe  in 
our  system  where  the  anticipated  planet  ought  to  haye  heen  found.  VOlbto, 
to  whom  astronomy  was  indehted  for  the  discovery  of  Juno,  suggested  tittt 
they  were  the  frag^ments  of  a  ruined  planet ;  ana  considering  uiat  in  tibe 
tremendous  explosion  which  rent  a  world  asunder,  they  must  necessarily 
haye  diverged  from  one  point  in  the  original  orbit,  and  ought  to  return  to 
the  opposite  point,  he  carefully  examined  those  parts  of  the  heayens,  and 
thus  discovered  Yesta.  The  suggestion  was  not,  however,  acted  upon  for 
nearly  forty  years,  but  at  length  different  astronomers  aroused  themselyes  to 
its  consideration,  and  other  planetary  fragments  were  discovered ;  these 
fragments,  successively  discerned  by  the  aid  of  powerful  telescopes,  received 
the  names  of  Astreea,  otobe.  Iris  and  Flora,  Metas  and  Hygeia  ;  and  iviliun 
a  recent  period  a  Neapolitan  astronomer  made  known  the  eleventh  fragBidnt, 
which  he  called  Parthenope.  Admitting  that  these  eleven  small  planetl  tie 
fragments  of  a  larger  one,  its  size  must  have  been  very  considerable ;  nd 
how  tremendous  the  awful  catastrophe  which  burst  into  eleven  huge  frag- 
ments a  world  of  glory  and  of  beauly,  inhabited,  doubtless,  by  intelligent 
beings,  passing,  it  might  be,  through  a  probationary  condition  of  existence 
to  one  of  inconceivable  glory  or  of  unutterable  woe ! 

Astronomers  spoke  much  concerning  the  strange  discovery.  By  means  of 
a  law  pertaining  to  the  solar  system,  they  determined  the  original  magni- 
tude of  the  lost  planet  long  after  it  must  have  been  shivered  into  fra|nnenti. 
This  law  was  first  suggested  by  Daniel  Kirkwood,  of  Pottes^Ob,  an 
American  in  humble  circumstances,  who,  like  the  illustrious  Kepler, 
struggled  hard  to  discover  something  new  among  the  arithmetical  relation 
of  the  planetary  elements.  A  point  exists  between  every  two  adjacent 
planets,  where  their  attractions  are  equal ;  and  if  we  call  the  distance  of  liis 
point  from  the  sun  the  radius  of  a  planet's  sphere  of  attraction,  then  the  law 
by  which  Mr.  Kirkwood  sought  to  solve  the  important  problem  is  simplj 
this — "that  in  every  planet  the  square  of  the  length  of  its  year,  reckonedin 
days,  varies  as  the  cube  of  the  raoius  of  its  sphere  of  attraction."  The  lav 
thus  ably  applied  has  been  verified  by  more  than  one  astronomer,  and 
admitted  to  be  at  least  a  physical  fact  in  the  mechanism  of  our  system.  This 
law  requires  the  existence  of  a  planet  between  Mars  and  Jupiter  ;  it  there- 
fore necessarily  follows  that  the  broken  planet  must  have  been  a  little 
larger  than  Mars,  or  about  5,000  miles  in  diameter,  and  that  the  length  of 
his  day  was  about  twenty-seven  hours  and  a  half. 

Meditate  on  this  important  fact — on  this  brotherhood  of  planets,  on  their 
strange  and  mysterious  origin.  Rugged,  torn,  and  probably  desolate  are 
they,  rushing,  though  constrained  in  orbits  which,  by  their  intersection, 
bring  them,  as  it  were,  like  vessels  at  sea,  within  speaking  distance  of  one 
another.  How  tremendous  must  have  been  the  rending  of  mountains  in 
the  imknown  globe  of  which  we  speak;  the  crashing  of  the  hills,  and 
the  rushing  of  seas  and  rivers  from  out  their  ancient  channels,  when 
speaking  thunders  proclaimed  that  time  should  be  no  more,  and  hurled 
forth  eleven  enormous  fragments  on  their  career  through  the  immensity  of 
space ! 

Such  was  their  doom — ^wherefore  we  know  not.  But  for  us  a  happitf 
condition  is  prepared,  even  that  the  earth  on  which  we  dwell  shau  be 
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restored  to  its  pristine  condition  of  glory  and  of  beauty  at  the  termination  of 
the  present  age. 

Sagittarius,  ninth  of  the  celestial  signs,  represents  that  imaginary  animal 
called  a'  Centaur,  -with  his  bow  drawn  to  its  full  extent,  as  if  in  &e  act  of 

discharging  an  arrow. 
Neither  the  Chaldeans  nor 
the  Egyptians  made  use 
of  this  strange  figure ;  the 
idea  was  most  probably 
taken  from  the  Parthians, 
who  trained  horses  for 
battle ;  and  being  exceed- 
ingly expert  with  the  bow, 
as  well  as  swift  in  retreat, 
the  emblem  of  a  figure 
thus  uniting  both  horse 
and  man  was  judged  the 
best  representation  of  an 
archer.  The  figure  of  an 
arrow  is  occasionally  seen 
on    ancient  obelisks,   and 

is     conjectured    to    be    a 

SAOHTAKTOs,  OR  THE  ARCHER.  hicroglyphical  representa- 

tion of  this  celestial  sign,  as  also  of  expedition,  the  season  of  the  year  then 
rapidly  speeding  to  a  conclusion;  or  to  the  end  of  the  sun*s  southern 
declination,  when  he  again  prepares  to  remount  the  heavens,  and  approach 
the  equator. 

When  the  sun  enters  Sagittarius  a  change  becomes  perceptible.  Forest 
trees  generally  lose  their  leaves  about  the  beginning  or  middle  of  the  month ; 
if  the  wind  is  high,  and  the  frost  considerable,  the  defoliation  often  suddenly 
takes  place ;  ana  he  who,  looking  from  his  window,  admires  one  afternoon  a 
beautiful  variety  of  mingling  hues,  sees  next  morning  leafless  branches,  that 
display  their  elegant  ramifications  against  the  sky. 


CHAPTER  XII. 


DECEMBEB. 


""WTiat  though  not  either  voice  nor  sound 
*Mid  all  the  starry  orhs  are  found, 
In  Reason's  ear  thev  all  rejoice, 
And  utter  forth  a  glorious  voice, 
For  ever  singing  as  they  shine, 
The  Hand  that  made  us  is  divine." — ^Addlson. 

Loob:  up,  look  up !  "  One  starry  glitter  girds  the  glowing  pole ! "  Wh^  ^^^^ 
you  walk  with  your  eyes  fixed  on  the  ground,  as  if  ^wjL^^t^  ^q>qcoSxo.%  *vi^'5i 
^bbles  by  lamp  or  star-light,  or  else  gazing  Aia^iXft?.^'^  ^jjtwsaA^-^Vssi^^^^^ 


452  THE  HOICB  TT7T0B. 

beattteons  constellations  are  progressing  through  the  immensity  of  space  ? 
Cepheus,  Andromeda,  Perseus,  lead  their  ceaseless  dance  aroimd  the  Polo« 
star ;  the  head  of  the  Great  Bear  verges  on  the  meridian,  with  his  magnifi- 
cent square  formed  of  four  stars,  and  glittering  tail  in  which  Aliath*  holds  a 
conspicuous  station.  Leo  Minor  crouches  at  his  feet,  and  close  behind,  or 
rather  as  if  seeming  to  menace  him  with  his  two  good  hounds,  Bootes  stands 
pre-eminent.  Coma  Berenices  occupies  a  somewhat  lower  station ;  the  head  of 
Serpentarins  gleams  on  the  horizon ;  northward  the  Lion's  skin  and  legs  of 
Hercules  appear,  as  if  receding  from  the  Dragon,  who  hears  "  a  precious 
jewei  in  ms  head,"  called  by  astronomers  Rastaben ;  near  which  uprises 
Lyra,  with  the  brilliant  star  Vega.  Deneb  may  be  faintly  discerned  on  the 
horizon,  companion  of  the  Swan,  and  shining  as  a  beacon  amid  the  spark- 
ling luminaries  that  are  everywhere  conspicuous.  Lnagine  the  meridian  line 
which  seems  to  divide  the  starry  heavens.  Westward,  yet  near  the  north, 
appears  Lacerta  Stellio  verging  on  the  horizon ;  Andromeda  comes  next  ;■  and 
in  the  starry  nucleus  of  most  glorious  forms,  Cepheus  and  Andromeda, 
Perseus,  with  Medusa's  head,  and  Cassiopeia,  the  **  starr'd  Ethiop's  queen," 
as  already  noticed,  bedeck  the  vault  of  heaven.  The  Lynx  and  Cam^eopard 
verge  on  the  meridian,  and  between  the  well-known  constellations  of  Aries 
ana  Auriga  the  Triangle,  Fly,  and  Pleiades  may  be  readily  discerned. 
Tfrace  now  the  course  of  that  starry  belt  which  **  men  the  zodiac  call,"  and 
observe  the  beauteous  order  of  the  signs  as  they  follow  one  the  other.  Aiies 
comes  first,  harbinger  in  spring  of  budding  leaves  and  lengthening  days. 
Taurus  succeeds,  then  Gemini,  Leo,  and  Virgo  with  her  spike.  Below  thi 
ecliptic,  and  eastward  of  the  meridian,  a  few  stars,  and  those  near  tiK 
horizon,  pertain  to  Lepus.  Orion  shines  above  them,  resplendent  in  beautr^ 
with  his  glittering  belt ;  Canis  Major  is  fully  risen ;  Canis  Minor  apparentlj 
emerges  from  under  the  meridian ;  and  bietween  them  Monooeres  may  be 
dimly  seen.  The  ship  Argo,  recalling  to  memory  days  of  wanderings  and 
perils  by  land  and  sea  in  quest  of  the  golden  fleece,  is  barely  visible  on  the 
southern  horizon  ;  and  westward  of  the  meridian  line,  beneath  the  ecliptic 
and  skirted  by  the  horizon.  Hydra  and  Crater  alone  occupy  a  considerable 
space  in  the  heavens,  with  the  exception  of  Corvus,  who  may  be  &dntij 
discerned  immediately  beneath  the  sign  Virgo. 

It  is  pleasant  to  be  abroad,  for  the  night  is  clear.  Yonder  is  a  shooting 
star,  one  of  those  swift  and  evanescent  travellers  which  poets  in  all  ages 
have  loved  to  describe.  Homer  compared  Minerva's  hasty  flight  from  the 
cloud-capped  summit  of  01}Tnpus,  in  order  to  break  the  truce  that  subsisted 
between  the  Greeks  and  Trojans,  to  the  headlong  rush  of  a  shooting  star. 
VirgU  spoke  of  such  as  indicating  a  change  of  weather : — 

"And  of  I,  before  tempestuous  winds  arise, 
Tlie  seeming  s^ars  fall  swiftly  from  tlie  skies, 
And  shooting  through  the  darkness,  gild  the  night 
"With  sweeping  glories,  and  long  trains  of  light." 

But  what  are  they,  and  whence  do  they  proceed  ?  Obscurity  rests  upot 
this  question,  however  deeply  interesting;  for  the  phenomena  of  their 
existence  must  be  referred  to  a  cause  exterior  to  the  bounds  of  our  atnK^- 
sphere.  At  one  time  a  single  star  seems  to  dart  through  the  immensitr<>i 
space ;  at  another,  a  rush  of  luminous  bodies  becomes  a  subject  of  equ^'f 
curiosity  and  conjecture.    In  the  latter  end  of  the  seventeenth  century <[ 
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sieteor  passed  over  Italy,  ooaceniia^  which  llontanari  wrote  a  tcestue. 
About  forty  years  aft^  a  similar  yiaitor  was  seen  from  every  part  of  GreaA 
Britain,  and  formed  the  subjeet  of  one  of  Halley's  papers  to  HiQ  Hoyal  Society. 
Sir  Haas  Sloane  spoke  rei^eoting.it :  ^*  My  path,"  said  he,  **  was  suddenly 
and  intensely  illuminated ;  I  thought  that  the  light  proceeded  from  a  w^- 
ohaiige  of  rockets,  moving  with  tenriiie  celerity,  and  fiuoh  unearthly  bright- 
ness, that  I  was  constrajined  to  tarn  my  eyes  away."  Astrogoomers  who 
noted  tiie  sudden  appearance  of  this  strasgo  visitant  computed  that  il 
passed  over  three  hunored  geographical  miles  in  a  minute,  at  a  height  of 
sixty  miles  &om  the  earth's  surlace. 

Ancient  writers  speak  concerning  substances  of  unknown  origin-^-gi£bi, 
said  they,  of  the  immortal  gods,  descending,  without  doubt,  from  Olympus^ 
Such  were  the  palladium  of  Troy,  "  the  ima^e  of  Diana,  which  fell  dowa 
£rom  Jupiter,"  as  proclaimed  Demetrius  and  his  workmen,  fearing  that  their 
craft  would  be  in  danger  through  the  preaching  of  the  Apostles  (Acts  xix.) ; 
the  8a(»red  shield  of  Numa ;  and  the  stone  of  Knsisheim,  on  the  Rhine.  Men 
have  laughed  at  the  credulity  of  the  ancients ;  but  however  facts  have  h%m 
distorted,  and  a  false  halo  shed  by  superstition  on  such  meteoric  wonders, 
modem  writers  have  been  constrained  to  renounce  their  ^epticism  with  regard 
to  the  facts  themselves.  Meteoric  stones  have  fallen  in  all  ages,  and  un- 
principled men,  hewing  and  carving  them  into  such  forms  as  best  suited 
their  unholy  purposes,  sought,  by  such  means,  to  impose  on  those  who  looked 
to  them  for  guidance  and  instruction.  But  the  days  of  simple  crede^xee 
have  passed  by,  and  Chemistry,  touching  with  her  magic  wand  mineral 
masses  that  have  descended  from  the  heavens,  whether  in  India  or  in 
England,  has  discovered  that  their  component  parts  consisted  of  seven 
different  substances.  Thus,  for  «}$am^e,  one  of  the  stones  that  fell  at 
L'Aigle  contained-^ 


SQica,     46  per  cent. 

Magnesia    ....   10      „ 
Iron     45      ,, 


Nickel 2  per  cent. 

Sulphur    5        ,, 

Zinc 1        „ 


And  terriMe  was  the  explosion  which  scattered  huge  stones  over  tiie  fields 
of  €aen,  Faia«i^e,  Alen9on,  and  L'Aigle.  Labourers  were  working  in  ^e 
fields  aibout  one  in  the  afternoon,  the  villago  matron  plying  her  distaff,  and 
young  children  playing  before  the  cottage  doors,  when  at  once  all  vej^oes 
were  hnshed,  and  the  hearts  of  many  failed  them,  for  a  fiery  globe  suddenly 
became  visible,  and  hurried  through  the  heavens  with  surprising  swiftness ; 
and  as  suddeidy  were  heard  three  or  four  reports,  like  those  of  cannon, 
followed  bv  a  sound  resembling  the  firing  of  musketry,  succeeded  by  a 
seeming  roll  of  drums.  The  heavens  were  clear,  with  the  exception  of  a 
small  rectangular  oloud,  motionless  and  compact;  but  this  became  diffused 
in  all  directions  when  the  first  loud  report  was  heard,  at  which  time  there 
came  a  hisaiog  noise,  as  of  a  stone  discharged  from  a  sling,  and  then  down 
fell,  with  terrible  impetuosity,  a  shower  oi  stones,  computed  at  nearly  three 
thousand,  and  of -whioh  the  largest  weighed  sevente^a  pounds  and  a  half. 
Immediatelv  after  their  descent  they  felt  intensely  hot,  and  were  covered 
with  a  fused,  black  incrustation,  consisting  ehiefiy  of  oxide  of  iron.  And 
very  curious  is  the  fact,  that  although  chemistry  nas  not  discovered  in  their 
composition  any  substance  with  which  we  were  not  previously  acquainted, 
yet  no  other  bodies  have  been  found  which  contain  the  same  ingredifik^"^ 
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oombined.  Neither  have  yoloanio  products^  whether  of  ancient  or  of  reoent 
date,  exhibited  a  sample  of  those  metallic  and  earthy  substances  which 
meteoric  stones  present.  Few  years  have  elapsed  without  a  recurrence  of 
similar  phenomena;  many  haye  been  recorded;  others,  doubtless,  have  oc- 
curred in  those  vast  unoccupied  regions  of  the  globe  where  the  scientifie 
explorer  alone  identifies  their  existence.  Palltus  discoyered  an  iTninenge 
mass  of  malleable  iron,  mixed  with  nickel,  at  a  considerable  elevation  on  a 
slate  mountain  in  Liberia ;  and  in  one  of  the  rooms  of  the  British  Museum 
may  be  seen  a  specimen  obtained  from  a  similar  deposit,  which  still  remains 
on  the  plain  of  Otumba,  in  the  district  of  Buenos  Ayres ;  the  specimen 
weighs  1,400  pounds,  and  the  weight  of  the  parent  stone,  which  lies  half 
ivrbedded  in  the  ground,  is  at  least  thirteen  tons.  A  similar  blo<^  has 
been  discovered  in  the  province  of  Bahia,  in  the  Brazils,  weighing 
upwards  of  six  tons;  and,  with  regard  to  these  strange  substanocL 
cnemical  analysis  warrants  the  conclusion  that  their  origin  may  be  assignfia 
to  the  same  mighty  causes  that  foimed  and  projected  tne  aerofitei, 
which  multitudes  have  beheld  in  their  descent,  and  astronomers  haye 
recorded. 

A  tradition  prevails  in  Siberia  that  the  huge  mass  which  rewarded  the 
labours  of  Professor  Pallas,  by  its  discovery  in  a  wild  andisolatHi  mountaiOy 
came  down  from  heaven ;  and  with  regard  to  a  metallic  mass  tliat  fell  in 
India,  the  Emperor  Tchangire  thus  speaks  of  it  in  the  memoirs  of  his  reign : 
''A  violent  explosion  was  heard  at  a  village  in  the  Punjaub,  and  at  the 
same  time  a  luminous  body  descended  to  the  earth.  The  officer  of  the 
district  hastened  to  the  spot  where  it  fell,  and  iinding  that  the  place  was 
hot,  caused  men  to  continuiEi  digging  till  they  reached  a  piece  of  iron  in- 
tensely heated.  This  was  afterwaras  sent  to  court,  and  when  weighed,  was 
forged,  by  imperial  command,  into  two  sabres,  a  knife,  and  a  dag^^.  This, 
however,  was  only  eft'ected  by  mixing  the  material  with  one-third  part  of 
common  iron,  previous  to  which  the  workmen  reported  that  it  was  not  mal- 
leable, but  shivered  under  the  hammer."  The  royal  historian  further  adds, 
that  when  the  **iron  of  lightning"  was  manufactured,  a  poet  presented  him 
with  a  distich  running  thus:— ** During  the  reign  of  the  iQustrious  Tchan- 
gire the  earth  attained  order  and  regularity ;  raw  iron  fell  from  lightning, 
and  was  by  his  world-subduing  word  converted  into  a  dagger,  a  knife,  and 
two  sabres." 

Writers  of  the  middle  ages  record  the  simultaneous  descent  of  meteorie 
stones  in  resplendent  showers ;  and  chroniclers,  both  in  the  east  and  west, 
speak  of  similar  coruscations.  **It  seemed,"  wrote  a  scribe  who  lived  at 
Kheims,  **as  if  all  the  stars  in  heaven  were  driven  like  dust  before  the 
wind."  "And  surely,"  recounts  another,  in  the  days  of  William  Rufos, 
**by  the  reports  of  the  common  people,  divers  great  wonders  were  seen; 
therefore  the  kinge  was  tolde  by  divers  of  his  familiars  that  the  Most  High 
was  not  content  with  his  livyn^ ;  but  he  was  so  wilful  and  proude  of  minae, 
'that  he  regarded  little  that  saying." 

The  first  graud  phenomenon  of  a  similar  description  which  attracted 
notice  in  modern  times  was  witnessed  by  some  Moravian  missionaries  ii 
Greenland.  Fiery  particles,  thick  as  hail,  and  presenting  a  magnificent  and 
overpowering  ettect,  <lescended  over  a  wide  extent  of  country.  The  whioli 
heavens  appeared  to  be  illuminated  with  sky-rockets  which  darted  in  all 
directions,  or  as  if  some  vast  magazine  stationed  in  unknown  realms  wii 
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charging  its  fiery  contents  on  the  earth.  Nor  was  the  phenomenon  con- 
9d  to  Greenland.  Honiboldt,  travelling  in  South  America,  spoke  of  its 
n^Boending  magnificence ;  a  voyager  at  sea,  heneath  Cape  Florida  and  the 
BSt  Indian  islands,  observed  it  aj^ ;  the  Capuchin  missionary  sojourning 
Gbn  Fernando,  a  village  amid  the  savannans  of  Yarinas,  and  Franciscan 
nks  near  the  entrance  of  the  Oronoco,  told  concerning  the  astonishment 
i  terror  which  such  a  fiery  deluge  presented.  Their  concurring  testimony 
vfes  the  fact  of  its  havinp^  been  visible  over  an  area  of  several  thousand 
|iMy  extending  from  the  icebergs  and  frozen  shores  of  Greenland  to  the 
litor,  and  from  the  lonely  deserts  of  South  America  to  Weimar,  in 
cony,  on  the  banks  of  the  flowing  Inn. 

Piery  showers  of  a  similar  description  have  occxirred  at  different  periods, 
i  excited  equal  notice.  One  such  included  within  the  limits  of  the  61^ 
longitude  in  the  Atlantic  Ocean,  and  that  of  lOO''  in  Central  Mexico,  ex- 
otHng  also  from  the  North  American  lakes  to  the  West  Indies,  presented 
I  most  splendid  display  on  record.  Being  the  third  in  successive  years, 
1  happening  on  the  same  day  of  the  month  as  the  two  preceding,  its 
nrrence  seemed  to  invest  the  meteoric  showers  with  a  periodical  character, 
I  originated  the  title  of  November  meteors,  in  whini  month  they  have 
WL  generally  visible. 


FALLS  OF  NLAlOAKA. 


hiT  limits  will  not  permit  a  more  extended  narrative  concerning  this 
mendous  phenomenon,  which  excited  no  small  astonishment  and  fear, 
r  who  could  look  unmoved  upon  unearthly  fireworks  playing  over  the 
Mid  Falls  of  Niagara  for  several  hours,  during  which  one  of  the  largest 
teorio  stones  remained  stationary  for  a  considerable  time  athwart  the 
fi  torrent,  emitting  continual  fiashes,  and  lighting  up  the  dark  abyss 
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-with  xmeqnalled  sublimity?  In  many  parts  of  the  wide  area  overi^dcli 
tbe  seeming  corusoations  flashed  with  such  invufferahle  biightnecs,  ikt 
iztmost  oonstemation  prevailed,  and  shrieks  of  horror  resooonded  on  all  sidei. 
Saoh  was  the  case  in  Southern  Carolina ;  and  we  owe  to  an  eye-witness  tbe 
following  affecting  sketch : — **  I  was 
suddenly  awoke  at  midnight  by  the 
inost  distressing  ories  that  ever  iell  on 
mortal  ears.  While  earnestly  listen- 
ing for  the  cause,  I  heard  a  faint  Toioe 
caHrngmeby  name,  upon  which  I  arose, 
and  taking  my  sword  in  hand,  stood  at 
the  door.  At  this  moment  the  same 
mournful  voice  bade  me  arise,  saying, 
*0  Lord,  the  ^orld  is  on  iire !'  I  then 
opened  tiie  door,  and  it  is  impossible  to 
iay  whether  the  awfulness  of  the  scene, 
or  the  distressing  lamentations  of  the 
negroes  most  excit;ed  me.  At  least  one 
hundred  lay  prostrate  on  the  ground, 

some  speechless,  others  uttering  the  capricohntts,  ob  thb  goat« 

bitterest  cries,  and  with  uplifted  hands  imploring  the  Most  High  to  save  the 
world  and  them.  The  scene  was  truly  awful,  for  never  did  rain  fall  faster 
or  more  heavily  than  1^  burning  meteors  fell  towardsHie  earth,  east,  we&t. 
north,  and  south." 

Capricomus  presents  a  smgnlar  appearance,  and  with  his  neiehbouTy  Sagit- 
tarius, affords  an  ezeeption  to  the  g^ieral  truth&ilness  of  the  zodiacal 
constellations. 
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CHAPTER  I. 


JAJSrUAJBLY. 


"  All  Nature  feels  the  renovating  force 
Of  Winter,  only  to  the  thoughtless  eye 
In  ruin  seen.    The  frost-concocted  glebe 
Draws  in  abundant  vegetable  soul, 
And  gathers  vigour  for  the  coming  year. 
What  art  thou,  Frost?  and  whence  are  thy  keen  stores 
Derived,  thou  secret  all-invading  power, 
Whom  e'en  th'  illusive  fluid  cannot  fly  ? 
From  pole  to  pole  the  rigid  influence  falls 
Through  the  still  night,  incessant,  heavy,  strong, 
And  seizes  Nature  fast.    It  freezes  on, 
Till  mom,  late  rising  o'er  the  drooping  world, 
Lifts  her  pale  eye  unjoyous.    Then  appears 
The  various  laliour  of  the  silent  night, 

the  frost-work  fair, 

Where  transient  hues  and  fancied  figures  rise." — ^Thomson. 

The  most  striking  phenomena  of  the  season  are  known  to  us  under  the 
names  of  Fkost  and  Snow.  At  this  season  it  is  usual  to  find  the  brooks — 
which  lately  prattled  a  mournful  music  amidst  the  naked  trees,  and  bore 
upon  their  bosom  towards  the  ocean  the  brown  leaves  of  autumn — sealed  up 
and  congealed  into  silence.  During  the  day  a  haze  obscures  the  oblique 
rays  of  the  sun,  but  at  night  the  watery  vapour  being  removed  by  the 
frost — 

"The  full  ethereal  round, 
Infinite  worlds  disclosing  on  the  view, 
«  Shines  out  intensely  keen ;  and  all  one  cope 

Of  Starr}'  glitter  glows  from  pole  to  pole.** 

The  birds,  which  at  other  times  found  a  plentiful  supply  of  food  in  the 
open  fields,  find  everything  frozen  and  congealed  into  hard  masses.  The 
seeds  and  berries,  which  were  formerly  accessible  to  their  homy  beaks,  are 
80  no  longer,  owing  to  the  freezing  of  the  water  in  the  ground,  or  the  snow 
which  hides  their  food.  Hence  the  feathered  tribes  are  driven  by  hunger  to 
approach  the  dwellings  of  man,  where  the  heat  generated  by  fires,  and  radi- 
ated from  his  habitations,  tends  to  thaw  and  soften  the  ice-bound  surface 
around,  and  whence  unfrozen  nutrition  is  continually  thrown  at  the  doors. 
The  wild  fowl,  driven  from  the  chilly  north,  where  the  streams  on  which 
they  were  wont  to  swim  are  no  longer  liquid,  take  a  southward  flight,  and 
in  nooks  of  singular  shape  astonish  the  observer.  The  circumstance  upon 
which  these  actions  depend  is  the  liability  of  water,  when  deprived  of  a  cer- 
tain amount  of  heat,  to  pass  from  the  state  of  vapour  or  fluid  to  the  solid 
form.  Snow  is  watery  vapour  suddenly  congealea,  while  ice  is  liquid  water 
frozen.  In  passing  from  the  liquid  to  the  solid  form,  water  is  a  remarkabb^ 
exception  to  the  law  that  all  bodies  expand  when  hfiQi.\j^d.^^sA^QT)^sAfi^*^^^^c^!s&. 
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escape,  the  bottle  will  be  burst  by  exposure  to  heat  or  to  cold ;  for  both  would 
increase  the  volume  of  the  liquid.  From  this  it  follows,  that  ice  is  lighter 
than  water  at  any  temperature  below  48**  of  Fahrenheit's  thermometer, 
and  it  will  be  shown  that  this  increase  of  volume  produced  under  the  inftu- 
ence  of  frost  is  a  most  beneficial  arrangement  of  the  Divine  Ruler  of  all 
tWnffs.  If  water,  like  other  liquids,  continued  to  contract  and  to  increase  in 
density  until  it  assumed  the  solid  form,  our  lakes  and  large  bodies  of  water, 
instead  of  being  superficially  frozen  in  winter,  would  be  hardened  into  solid 
masses  of  ice.  The  heat  from  the  lake  i»  abstracted  by  the  cold  winds  which 
blow  over  its  surface ;  and  the  chilled  particles,  being  more  dense,  would 
descend,  allowing  other  and  warmer  portions  of  the  water  to  rise,  and  be 
exposed  to  the  frostjr  air,  till  the  whole  mass  of  the  water  was  reduced  to  32**, 
when  it  would  suddenly  freeze,  to  the  destruction  of  most  of  the  living  things 
therein.  But  this  is  prevented  by  the  phenomenon  of  which  we  have  been 
speaking ;  for,  as  soon  as  the  whole  mass  is  cooled  down  to  40**,  there  is 
no  changing  of  position  in  the  particles,  since  those  on  the  surface  which  are 
rendered  colder  now  become  lighter  than  their  fellows ;  so  that  the  cold 
water  actually  floats  upon  that  which  is  comparatively  warm.  Water  being 
a  bad  conductor  of  heat,  the  warmth  of  the  lower  stratum  is  not  remove^ 
though  the  surface  may  be  a  sheet  of  ice.  Moreover,  ice  being  also  a  non- 
conductor, the  cold  winds  may  continue  to  blow  without  avail,  since  the 
deep  strata  of  water  are  protected  from  cold,  and  remain  at  the  temperature 
of  40**,  whatever  may  be  the  cold  of  the  surrounding  air.  To  make  this 
evident  to  the  eye,  tne  following  experiment  has  been  suggested : — Provide 
a  small  fiower-pot,  the  upper  part  of  which  is  from 
six  to  seven  inches  in  diameter ;  then  with  a  circular 
rasp  enlarge  the  aperture  of  its  hmer  pnt  until-  it 
will  just  admit  of  the  entrance  of.  a  ejiiaArimiSLfdumf 
two  inches  in  diiUBeter,  and  fiftetn  inplt  SA 
having  a  broad  restr  of  foot  at  thor  heantr  os  ivlriwit 
may  stand.  The  glass  should  be  m  pilaMd  im.  Hkt 
aperture  that  its  brim  iBKy  arfMnd  a  quarter  ol^  as 
inch  above  the  levdl  of  the  upper  ec^^  oiihm3iitwm^ 
pot.  A  yard  of  broad  tftpe  msat  h»  WDiiod  iMMd 
the  part  of  the  glass  whieh  ■amtroAis^  ftfym  tb»  laim 
part  of  the  pot,  and  this  should  be  coated  with  a  tmik  eioirenag  of  p^btater 
of  Paris,  in  such  aiway  that  the  joint  may  be  water-tigiil.     Having  pot  tbe 

Sparatus  aside  for  an  hour,  to  allow  the  plaster  to  »Bi,  it  mayUNn  Iwf 
xced  in  the  position  shown  in  the  diagram,  with  twolnidwnpea  it»  baser  to 
ep  it  from  danger  of  falling. 

Cfarefully  fill  the  space  in  the  fiower-pot  with  the  mixture  of  iee  asA  tmm 
described  above,  so  that  none  of  the  mixture  falls  into  l&e  slass ;  ofttp- 
wards  pour  water  of  ordinary  temperature  into  the  latter,  tul  it  is  filled 
within  an  inch  of  the  brim.  In  this  experfnient  we  ttppkyil»  cold,  as  in 
nature,  to  the  surface  of  the  water,  and  we  sbaU  find  that  ^bami^  the  snrlMe 
may  freeze,  the  water  below  remains  at  4€^,  or  8*  higlMS  than  that*  at 
the  surface.  If  a  delicate  thermometer  be  immersed  in  the  glass^  it 
would  indicate,  first,  that  the  tchole  of  the  water  was  ivdneed  by  oonveenon 
to  40**,  but  that  the  currents  then  ceasad;  and^  tliaty  finally^  while  the 
surface  was  freezing,  the  lowest  portion*  wen  mmx  ooldMr  than  4ft** . 
Having  attained  its  greatest  density,  the  pro^e^^  Cii  QiO^Mi'^V^^^'^sss^:?^  ^"^^ 
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tended  to  the  whole  bulk,  but  is  conimed  to  that  portion  only  in  immediate 
contact  with  the  freezing  mixture.  If  the  apparatus  be  emptied,  and  its 
parts  re-airanged,  so  that  the  freezing  mixture  shall  be  applied  to  the  lowest 
portion  of  the  glass,  we  shall  find  that  the  whole  mass  of  water  will  be  con- 
verted into  ice,  for  the  cooling  below  40**  renders  the  water  lighter;  it 
ascends,  while  warmer  particles  descend,  become  cool,  and  in  their  turn  re- 
ascend.  Thus  convection  is  established  throughout  the  entire  bulk  of  the 
water,  and  the  whole  of  it  is  cooled  down  to  freezing  temperature,  when 
it  will  become  solid  through  its  entire  bulk. 

Though  the  heat  of  water,  when  boiling,  varies  considerably  in  proportion 
to  the  density  or  rarity  of  the  atmosphere,  the  freezing  point  remains  alwayi 
the  same,  and  the  chemist  avails  himself  of  this  circumstance  in  tibe  oonr 
struction  of  the  thermometer. 

The  expansion  of  water,  which  has  been  described,  is  the  cause  of  the  burst- 
ing of  pipes  and  closed  vessels  during  winter.  It  is  related,  indeed,  that 
cast-iron  bombshells,  thirteen  inches  in  diameter  and  two  inches  in  thickness, 
having  been  filled  with  water,  and  their  fuse-holes  firmly  plugged  ifj&L 
iron  bolts,  were  burst  asunder  when  exposed  to  the  severe  cold  of  a  Canadian 
winter ;  thus  demonstrating  the  enormous  internal  pressure  to  whidi  Ihej 
were  subjected  by  the  expansion  of  water  in  freezing. 

Herein  we  discover  a  most  important  agency,  which  produces  great  bene- 
fits to  the  husbandman.  During  the  autumn  and  early  winter  months  the 
soil  receives  into  its  interstices  the  water  from  the  clouos,  which  creeps  into 
every  crevice  in  eveiy  clod ;  when  frost  comes,  the  water,  expandins^,  pushes 
.  the  particles  asunder,  and  breaks  the  lumps  into  crumbling  mould.  The 
water,  too,  which  during  the  long  year  has  been  collecting  in  some  hidden 

cavity  of  the  rock,  suddenly,  under  the 
influence  of  cold,  assumes  a  giant  power, 
and  hurls  the  mass  from  the  mountain 
sides.  The  flagstones  and  pavements 
are  tilted  up  by  the  same  mysterious 
power,  and  flakes  of  the  ornamental 
plaster  on  our  walls  are  peeled  off. 

Ice  has  a  great  antiseptic  power;  that 
is  to  say,  animal  substances  contained 
in  it  are  prevented  from  decay.  In 
1803  the  body  of  a  mammoth — a  race 
of  animals  now  extinct — slowly  ap- 
peared from  a  mountain  of  ice,  m 
which  it  had  been  preserved  from,  decay 
for  several  thousand  years;  the  flesh 
was  in  excellent  preservation,  however, 
and  was  eaten  by  bears,  wolves,  and 
dogs  with  eagerness.  During  the  win- 
ter, in  the  northern  parts  of  Kussia, 
meat  is  frozen  and  preserved  in  ice,  and 
so  sent  to  market  in  casks;  and  in 
Scotland  salmon  are  packed  in  boxes 
with  frozen  water,  which  is  an  article 
of  export  from  the  lakes  of  North  Ame- 
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We  Trill  now  proceed  to  speak  of  Snow ;  and  first  let  us  observe  liow  bean* 
iul  and  varied  are  the  forms  of  its  flakes,  when  looked  at  through  a  magni- 
ying-glass  or  microscope.  * 

How  light  and  gracefully  they  fall,  and  how  hilariously  we  greet  the 
now  storm ! 

''Through  the  hushed  air  the  whitening  shower  descends, 
At  first  thin  warering ;  till  at  last  the  flakes 
Fall  broad  and  white  and  fast,  dimming  the  day 
With  a  continual  flow.    The  cherished  fields 
Put  on  their  winter  robe  of  purest  white." 

low  beautifully  the  naturalist  of  Scripture  describes  it,  too : — "  As  birds 
lying  he  scattereth  the  snow,  and  the  falling  down  thereof  is  as  the  lighting 
.1  the  grasshoppers ;  the  eye  marvelleth  at  the  whiteness  thereof,  and  the 
leart  is  astonished  at  the  raining  of  it." 

Snow  is  watery  vapour  suddenly  frozen.  Occasionally  in  Lapland  the  phe- 
Lomenon  of  t^e  formation  of  snow  is  witnessed  when  the  door  of  an  apartment 
a  which  persons  are  assembled  is  suddenly  opened,  and  a  blast  of  cold  air 
dmitted,  the  watery  vapour  exhaled  by  tiieir  respiration  being  instantly 
rozen  into  flakes.  Snow  is  a  bad  conductor  of  heat  or  cold,  and  therefore 
cts  as  a  most  valuable  covering  for  vegetables  and  seeds :  wheat  continues 
J  grow  beneath  its  covering,  though  every  blade  would  be  cut  off  if  exposed 
0  the  frosty  air. 


CHAPTER  II. 

FEBBTTABr. 

"Mutterine,  the  winds  at  eve,  with  blunted  point. 
Blow  hollow,  blustering  from  the  south  subdued. 
The  frost  resolves  into  a  trickling  thaw ; 
Spotted  the  mountains  shine ;  loose  sleet  descends. 
And  floods  the  country  round.    The  rivers  swell, 
Of  bonds  impatient.    Sudden  from  the  bills, 
O'er  rocks  and  woods,  in  broad  brown  cataracts, 
A  thousand  snow-fed  torrents  shoot  at  once ; 
And,  where  they  rush,  the  wide  resounding-plain 
Is  left  one  slimy  waste." 

<<  He  givcth  snow  like  wool :  he  scattereth  the  hoar-frost  like  ashes.  He  casteth 
)rth  his  ice  like  morsels :  who  can  stand  before  his  cold  ?  He  sendeth  out  his  words 
id  meltcth  them ;  he  causeth  his  winds  to  blow,  and  the  waters  flow." 

Thebe  are  not  in  nature  any  of  those  artificial  divisions  and  distinctions 
hioh  men,  for  their  convenience,  have  established.  Though  we  speak  of 
ay  and  night,  of  winter  and  summer,  of  spring  and  autumn ;  and  though 
e  may  contrast  the  features  of  these  periods,  yet  there  is  no  point  of  time  at 
hich  we  observe  a  natural  division  or  line  of  demarcation  between  them, 
he  daylight  fades  into  twilight,  and  darkness  spreads  her  cloak  so  stealthily, 
lat  we  cannot  say  when  she  began  "  to  hang  her  spangled  mantle  o'er  oup 
Bads." 

The  light  robes  of  spring  slowly  assume  the  gaudier  hues  of  summer ; 
immer  insensibly  fades  into  autumn ;  autumn  unobserved  is  transformed 
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to  vinter ;  while  from  oat  tker  snow»  of  winter  peep  Bpring.  flowersa^aiit;  In 
like  manner,  we  do  not  flncL  tliat  Nature  is  guided  by  the  almanac  in.  thoee 
changes  of  weather  which  are  associated  with  particular  months.  If  during 
a  long  course  of  time  it  was  found  that  in  January  we  had  fcost  and  enow ; 
in  F^ruary  a  thaw ;  in  March  wind ;  and  in  Apnl  that  we  were  fayooBed 
with  warm  showers — ^we  should  naturally  think  of  snow  as  the  characteristic 
of  January ;  of  thaw  as  associated  with  February ;  of  wind  as  connected 
with  March ;  and  we  should  eifpeot  to  have  a  repetition  of  showers  and  sun- 
shine in  April.  But  there  are  no  days  on  which  the  changes  from,  frost  to 
thaw,  from  stillness  to  wind,  from  settled  to  changeable  weather,  can  be 
expected  to  occur.  The  beginning  of  each  mcmth  usually  resemblea,  in  iti 
terrestrial  phenomena,  its  predecessor.  We  generally  expenenace  a  OQBr 
timiance  of  January  weather  at  the  beginning  of  February,  while,  at  the  end 
we  are  rejoiced  to  note  the  symptoms  of  api»:oacbing  aipring^  At  the 
bMpnning  we  haye  frost  and  snow,  then  comes  a  thaw,  and  this  i»  oommoady 
ioQowed  by  the  '^  piping  straina  of  March,"  which  begin  to  blow  eve  yst 
Febmary  has  expirea*  The  oommexieemeiLt  of  the  mo&th  is  wintry ,  out 
towards  its  dose  the  crocus  and  snowdrop  and  the  sallow  show  their 
flowers ;  the  ringdoye  begins  to  coo,  and  the  ants  yentare  forth,  from  thor 
cnzious  habitations ;  the  new  life  of  yegetation  begins  to  be  seen  (m  warn 
ihAltered  banks.  Hence  the  Saxons  called  February  Sprotd-keley  became 
the  cabbage  or  kale  then  began  to  fill  its  buds.  The  woodlark  and  tiie 
thrush  begin  their  songs,  and  "  the  rooks  commence  their  political  arrange- 
ments for  their  cawing  session ;"  the  mole  enlarges  his  hunting  groimdA, 
and  the  field-crickets  open  their  doors  as  if  to  invite  the  approaching  spring. 

Yet,  for  the  most  part,  February  is  a  slow,  dull  time  to  those  who  do  not 
possess  such  sources  of  pleasure  in  themselves  as  to  be  beyond  the  depressing 
influences  of  foggy  air,  sloppy  paths,  and  dropping  skies.  The  weather 
seems  to  have  all  the  discomforts  of  winter,  without  its  compensatory 
•advantages.  The  freshness  of  the  frosty  air,  with  its  clear  bright  sky,  no 
longer  invigorates ;  a  chilly  mist  hangs  heavily  in  the  atmosphere,  and 
everything  puts  on  a  worn  and  melancholy  aspect*  The  crisp  snow  has  lost 
its  brilliant  whiteness,  and  has  been  changed  by  thaw  to  a  sloppy  mass,  as 
xmpleasing  to  the  eye  as  it  is  ungrateful  to  the  feet.  The  walls  of  the  house 
are  covered  with  moisture  like  a  heavy  dew,  and  the  cold  seems  more  pene- 
trating than  it  was  when  the  thermometer  was  five  or  ten  degrees  lower. 
The  birds  sit  disconsolate  upon  the  trees,  and  even  the  robin  is  less  cheerful 
than  usual.  From  the  leaves  of  the  holly  and  the  ivy,  and  from  the  twigs 
of  the  blackened  trees,  drops  of  icy  water  are  pendent,  and  the  moisture 
which  falls  from  the  eaves  freezes  as  it  splashes  on  the  ground. 

Some  years  ago  a  number  of  observations  were  commenced,  the  object  d 
which  was  to  record  the  temperature — as  indicated  by  Fahrenheit's  ther 
mometer — at  certain  hours  every  day,  with  a  view  to  ascertain  in  wW 
degree  the  average  or  mean  temperature  of  any  given  month  might  yarf. 
From  these  observations  it  was  discovered  that  there  was  little  yariatioiL  n 
the  average  heat  or  cold  of  any  month  compared  wilh  itseK  through  a  loi^ 
series  of  years.  The  mean  temperature  of  February  is  38°  Fahrenhefti 
while  that  of  January  is  scarcely  2°  lower.  The  average  temperatoe 
varies  with  position,  and  the  observations  to  which  allusion  has  been  ma^ 
a^ply  only  to  the  neighbourhood  in  which  they  were  made.  This  yari«t»fi 
«  temperature  is  regular  with  reference  to  position;    and  the  ayenf 
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temperature  of  any  place  liaving  been  asoertained  during  ten  years  woidd  Iw 
found  to  vary  very  little  during  the  next  ten  years  following.  The  climate 
of  no  two  places  can  be  said  to  be  the  same  even  in  the  same  latitude,  but 
the  weather  has  certain  general  characteristics  in  every  place  every  year. 
There  is,  therefore,  a  regularity  in  what  appears  most  irregular. 

The  sun's  heat  is  the  chief  cause  of  warmth  on  the  earth's  surface,  but 
there  is  a  supply  of  heat  also  from  the  central  matter  of  our  planet.  As,  how- 
efver,  the  substance  of  the  earth  is  an  imperfect  conductor,  the  warmth  which 
b  derived  from  the  sun's  rays  penetrates  nowhere  above  a  hundred  feet,  and 
that  which  is  due  to  the  central  heat  produces  little  eflfect  upon  the  crust. of 
our  planet.  If  we  dig  down  about  sixty  feet  from  the  surface  of  any  part  of 
the  world,  we  find  the  strata  there  to  possess  the  temperature  of  the  average 
warmth  of  the  climate  of  the  country  above  them ;  if  we  dig  deeper,  how- 
ever, we  find  the  earth  grow  warmer  as  ws  descend,  at  the  rate  of  about  one 
degree  of  Fahrenheit's  thermometer  for  every  fifty-four  feet.  The  prinoipal 
causes  of  the  difference  in  climate  in  countries  appear  to  be — ^the  amount  of 
solar  heat,  elevation,  position  with  reference.to  continents  or  seas  or  moun- 
tains, aspect,  direction  of  prevailing  winds,  geological  peculiarities,  and  the 
state  of  cultivation.  In  winter,  in  the  northern  hemisphere,  we  receive 
fewer  of  the  sun's  rays,  and  those  during  a  more  brief  period  than  in  summer. 
The  rays  of  the  sun,  falling  obliquely  upon  us,  are,  so  to  speak,  spread  out 
over  a  larger  space  than  in  the  tropics,  where  they  fall  perpendicularly. 
From  this  cause,  and  also  from  the  length  of  the  tropical  day,  the  temperature 
there  is  always  high.  The  heat  derived froni  the  sun^  therefore,  decreases 
towards  either  pole.  But  the  mean  temperature,  or  general  climate  of  any 
place,  is  affected  in  a  great  degree  by  the  other  circumstances  which  have 
been  mentioned.  For  instance,  since  the  higher  we  ascend  from  the  earf^L 
the  more  rare  the  air  becomes ;  and  as,  moreover,  air  so  expanded  requires 
more  heat  to  warm  it,  ^o  we  shall  find  that  the  cold  is  greater  the  greater 
the  elevation.  Thus  it  happens  that  even  in  the  torrid  zone  there  are  moun- 
tains capped  vnth  snow.  In  all  parts  of  the  world  there  is  a  point  of 
elevation  where  snow  would  remam  unmelted  for  ages.  Places  which  are 
situated  near  large  bodies  of  water  have  a  less  variable  temperature  than 
those  which  are  situated  in  the  interior  of  continents ;  for  in  summer  evapo- 
ration makes  the  sensible  heat  latent  in  the  vapour  of  water,  while  in 
firinter  that  vapour  becomes- condensed,  and  gives  out  its  latent  heat  to  the 
adr.  Moreover,  as  previously  described,  when -water  is  cooled,  it  beT 
Domes  specifically  heavier,  and  exposes  its  warm  particles  to  the  atmo- 
iphere,  till  its  whole  mass  is  reduced  to  40°,  thus  supplying  a  steady 
source  of  warmth.  Earth,  on  the  other  hand,  rapidly  absorbs  hea^ 
but  transmits  it  very  slowly ;  and  so  we  find  that  the  heat  of  the  sun, 
suicumulating  in  the  crust  of  the  earth,  is  readily  given  off  by  radiation. 
Hence  places  situated  in  the  interior  of  continents  experience  great  warmth 
in  summer,  and  severe  cold  in  winter.  So  remarkably  are  the  differences  of 
jlimate  dependent  upon  situation,  that  we  find  the  mean  winter  temperature 
rf  Edinburgh  is  28*5",  while  ihat  of  Moscow  is  only  15°,  though  these  places 
xre  both  in  the  same  latitude.  In  our  own  climate  the  greatest  heat  is  not 
it  midsummer,  nor  the  lowest  at  mid- winter ;  nor  is  noon  the  warmest  part 
sf  the  day,  nor  midnight  the  coldest  portion  of  the  night.  This  is  because 
tihe  warming  infiuences,  or  the  reverse,  do  not  act  immediately,  but  produce 
their  effects  according  to  the  time  they  are  in  oper<xtion.    The  day  is  hottest 
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about  two  o'clock,  and  the  coldest  part  of  the  night  is  that  which  occnrs  aa 
hour  before  sunrise. 

The  aspect  of  any  situation  is  well  known  to  exercise  a  great  influence 
upon  its  temperature,  and  the  gardener  makes  use  of  his  knowledge  of  thii 
fact  in  placing  his  fruit-trees  on  the  walls.  That  which  is  true  of  a  garden 
wall  applies,  upon  an  extended  scale,  to  the  slope  of  a  country  or  its  aspect. 
Thus  we  find  the  climate  at  the  same  altitude  on  the  two  sides  of  the  Alps  of 
a  strikingly  different  character — ^the  one  is  sheltered  from  the  norfliem 
blasts  and  exposed  to  the  sun,  while  the  other  has  a  comparativelv  small 
portion  of  the  sun-rays,  and  is  chilled,  moreorer,  by  the  cold  win^  fima 
the  north. 

GPhe  lowest  mean  temperature  is  found,  in  North  America,  in  100**  W.  h 
and  in  Siberia  in  95**  E.  long.    These  are  known  as  **  poles  of  cold." 
average  temperature  of  the  former  is  3'&*  Fahrenheit,  and  of  the  latter 
V  Fahrenheit. 

''  Snow  like  wool "  is  not  only  correct  as  an  ordinary  metaphor,  in  whioh 
thin^  alike  in  appearance  are  compared ;  snow  resembles  wool  in  its  pro- 
perties as  a  non-conductor  of  heat ;  and,  indeed,  nothing  could  be  so  wdl 
adapted  to  protect  the  earth  **  as  with  a  garment "  during  severe  cold,  and 
yet  so  wisely  contrived  to  pass  away,  and  by  its  meltmg  to  fertilize,  tihe 
earth  as  soon  as  a  warmer  atmosphere  is  spread  over  the  fields.  It  if 
recorded  that  f*  in  Holland,  during  the  winter  of  1776,  the  surface  of  the 
earth  was  frozen  to  the  depth  of  twenty-one  inches  on  a  spot  of  gaida 
ground  kept  free  from  snow,  but  only  to  nine  inches  on  an  adjacent  spot, 
covered  with  four  inches  of  snow."  The  Esouimaux  have  discovered  thk 
quality  of  snow,  and  make  use  of  it  for  buildine  houses;  and  '<  when  tlie 
lamps  are  lighted  and  the  hut  full  of  people  and  dogs,  a  thermometer  placed 
on  tne  iiet  over  the  fire  indicates  a  temperature  of  38** ;  when  removed  two 
or  three  feet  from  this  situation  it  falls  to  32%  the  temperature  of  the  open 
air  at  the  time  being  2&*  below  zero. 

In  the  Arctic  regions  what  is  called  "  red  snow"  is  sometimes  foimd,  and 
excites  some  alarm  among  the  superstitious.  It  appears  to  be  common  snov 
coloured  by  oxide  of  iron,  in  a  state  of  extremely  minute  division,  and  a 
vegetable  principle,  belonging  to  some  lichen  of  a  resinous  character,  and  d 
an  orange-red  tmt.  The  colouring  matter  is  stated  to  penetrate  to  vaiiooi 
depths,  and  is  found  to  consist  of  exceedingly  minute  globules  whei 
examined  under  the  microscope. 

While  snow  is  lying  on  the  ground  an  interesting  experiment  may  be 
performed,  showing  the  different  powers  of  colours  to  reflect  or  absorb  heai 
rrocure  some  small  pieces  of  kerseymere  cloth  of  equal  fineness  and  aie, 
seven  of  them  having  the  prismatic  colours,  and  of  the  others  one  black  and 
the  other  white.  Lay  them  in  the  simshine  an  inch  apart  upon  snow,  ami 
leave  them  in  that  position  for  a  short  time ;  then  observe  now  much  tb 
snow  has  melted  beoeath  each  piece  of  cloth,  and  how  deeply  each  slip  hii 
sunk  below  the  level  of  the  surface.  The  black  will  be  found  to  be  tb 
deepest,  and  the  others  in  the  following  order — ^violet,  indigo,  blue,  green, 
red,  oranj^e,  yellow :  the  snow  beneath  the  white  cloth  will  be  unaffected. 
By  the  aid  of  the  information  derivable  from  this  experiment,  we  jdmJ 
answer  the  practical  question — what  colour  is  best  adapted  for  clothing  d 
particidar  times  of  the  year,  since  it  is  evident  that  warmth  or  coolsfli 
depends  not  only  upon  the  material  of  which  our  vestments  are  compoeei 


TEBHESTBIAL  PHENOiaOTA  OF  THE  MONTHS — ^FEBBVAKT.  4ttT 

but  also  upon  their  colour  ?  In  sonny  weather,  when  it  is  desired  to  keep 
the  body  cool,  white  clothing  is  to  be  preferred,  because  it  reflects  heat ; 
while  in  winter,  when  all  external  heat  is  to  be  absorbed,  and  not  refleotedy 
the  darker  colours  are  to  be  chosen.  Sensation  long  ago  taught  our 
ancestors  these  facts.  Before  passing  from  this  digression,  let  it  be  under- 
stood that  the  rule  which  applies  to  inorganic  or  dead  substances  does  not 
hold  good  in  the  case  of  the  skin  of  the  living  negro,  or  the  black  coating 
which  lines  the  back  of  the  chamber  of  the  eye,  since  it  is  found  that  the 
scorching  power  of  the  sun  when  received  by  living  black  surfaces  is 
lestroyed. 

But  whv  should  snow  be  white  ?  some  may  ask.  If  black  and  the  darker 
colours  of  the  solar  spectrum  be  the  warmest  clothing,  why  was  not  that 
3olour  chosen  for  the  covering  of  the  earth  in  winter  P  The  question  is  a 
aatural  one,  but  the  answer  is  easily  given.  If  snow  had  been  black,  it 
wovld  have  rapidly  absorbed  the  sun's  rays,  and  would  have  thawed  beneath 
bhe  first  sunshine  which  fell  upon  it ;  the  result  would  have  been  that  the 
tregetation,  prematurely  deprived  of  that  protection  which  was  intended  to 
^ard  it  against  the  cold,  would  have  died  in  the  frosty  air  as  soon  as  the 
mn  had  set.  Moreover,  we  find  that  all  living  things  perish  under  sudden 
iltemations  of  temperature,  though,  if  the  chane^e  be  made  gradually,  they 
$an  survive  in  curious  extremes  of  heat  and  cold.  We  observe  that  a  frost 
n  spring,  or  in  early  autumn,  generally  does  more  damage  to  vegetation 
;han  the  prolonged  frosts  and  excessive  cold  of  winter ;  because  the  sun's  rays 
LCt  quickly  upon  the  improtected  frozen  plants,  and,  by  a  sudden  alteration 
n  their  warmth,  induce  a  change  inconsistent  with  their  vitality.  Hence 
gardeners  who  understand  the  philosophy  of  their  employment  take  as 
nuch  care  to  protect  the  objects  of  their  attention  from  tne  sun's  heat  as 
rom  the  frost's  cold.  The  white,  heat-reflecting,  and  non-conducting  snow 
s  the  best  protection  against  sudden  alternations  of  heat  or  cold,  for  while 
b  is  melting  its  temperature  never  varies  from  32"*,  and  the  vegetables 
rhioh  are  enveloped  in  it  rarely  sufler  a  much  lower,  and  cannot  be  exposed 
0  a  higher  temperature. 

Hoar-frost  gives  great  beauty  to  the  scenery  of  the  winter  months,  and 
hould  therefore  be  noticed  here.  If  a  quantity  of  common  alum  or  sugar 
e  dissolved  in  hot  water  in  a  glass  or  porcelain  vessel,  and  a  number  of 
trings  or  thin  rough  sticks  be  suspended  in  the  liquid  while  cooling,  it  will 
e  found  that  crystels  of  su^r  or  alum  will  be  deposited  upon  the  strings  or 
ticks,  before  the  smooth  sides  of  the  vessel  show  anv  marks  of  crystuline 
)rmations.  This  readiness,  if  we  may  call  it  so,  of  bodies  assuming  the 
rystaUine  form,  to  adhere  to  rough  and  porous  substances  in  preference  to 
cLch  as  are  polished  or  compact,  is  observable  in  the  crvstallization  of  watery 
apour  which  we  know  as  hoar-frost.  The  tuft  of  hair  scraped  from  tiie 
jw  on  the  iron  railing  is  covered  with  white  fringes  of  frost-work,  while 
ie  smooth  metal  has  not  a  trace  of  crystalline  deposit.  The  curled  dead 
iaves,  or  the  crumpled  straws  upon  the  pavement,  have  their  edges 
domed  with  white  embroiderv,  while  the  surface  on  which  they  lie  is 
nmarked  by  anything  of  the  Kind.  When  there  is  a  very  lar^  quantity 
f  moisture  in  the  air  these  differences  do  not  appear  so  cleany,  and  tiie 
oar-frost  deposits  its  ^'  rime  "  upon  all  surfaces,  tnough  most  tmcUy  upon 
le  rough  and  porous. 

The  l^ntifal  and  fantastic  forms  which  dim  the  window-pane  are  also 
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ecystals  of  water.  The  perspiration  from  the  skin  and  limgs  of  ihe  imnatei 
<)f  a  room  is  condensed  upon  the  glass  which  has  given  out  a  poitiaii  of  ifai 
heat  to  the  external  air,  and  in  turn  withdraws  a  portion  of  the  oaloricf fram 
the  watery  vapour  with  which  its  internal  surface  is  in  oontaot.  13h 
yapour  having  lost  that  portion  of  its  latent  heat  which  was  neoessaryrto  iti 
existence  in  the  gaseous  form,  resumes  the  fluid  shapes  and  is  deposited  oi 
dew  upon  the  window-pane,  where  its  temperature  being  still  foiihBt 
reduced,  it  becomes  solid,  and  gives  to  the  eye  the  beautifol  orystallmt 
arrangement  with  Vhich  all  of  us  are  familiar.  Amidst^  these  wanderiol 
changes  the  water  remains  unchanged  in  its  composition.  To  its  TaziaaB 
changes,  and  to  the  myriad  processes  to  which  it  is  necessary,  are  due,  in  a 
great  degree,  those  natural  phenomena  which  make  the  planet  we  iitbabifew 
Bill  of  exquisite  beauty. 


CHAPTER  m. 

MABOH. 


**  Oh !  a  bard  of  many  breathings 
Is  Wind  in  sylvan  wreathings 
O'er  mountain  toos,  and  through  the  woodland  groves ; 
Now  finng,  and  now  drumming, 
Now  howling,  and  now  humming, 
As  it  roves. 

"Oh!  are  not  human  bosoms 
Like  these  things  of  leaves  and  blossoms, 
Where  hallowed  whispers  come  to  cheer  and  rouse  ? 
Is  there  no  music  stirring 
In  our  hearts  like  sweet  winds  whirring 
In  the  boughs?" — G.  S.  Philips. 

*^0T  many  years  ago,  one  day  in  March,  a  toddling  child,  -who  :had  sptd 
tilie  advent  of  its^  merry  life  in  the  busy  rush  of  a  far-spreading  xnanufBe- 
tming'  town,  and  whose  eyes  had  rarely  been  rejoiced  by  the  smiling  w«- 
someness  of  Nature  in  the  fields  and  woods,  ran  into  the  Toom  where  i« 
were  sitting  in  a  rural  cottage,  and  clapping  her  hands,  exclaimed  w& 
laughter  and  surprise-^^*  Oh !  mamma,  come  and  look  into  the  garden ;  tiv 
leaves  are  dancing,  and  the  trees  are  clapping  tiieir  hands."  -Such  was« 
chald^s  poeticaLdescription  of  the  effects  of  the  wind  on  the  gaimt  boughs^ 
the  tall  trees,  and  the  broad  leaves  of  the  stately  evergreens.  And  Ter^ 
all  Nature  seemed  to  waken  up  and  be  gay.  The  wind  sang -varied  mdf- 
dies  as  it  rushed  along,  like  a  troop  of  spirits  singing  cliorsd  .hymm  «f 
trinmph. 

"**  With  a  voice  of  thunder  it  tore  through  the  leafless -oak,  'wiiile  «v«r  nrf 

811001  it  j&ractured  its  stalwart  limbs,  and  seemed  to  laugii  in^triniBph  atili 

viotory  over  the  king  of  the  forest.    With  a  solemn  bass  itohantedf^mnigh 

ifter^rambre  foliage  of  the  Gy]^e&«QaidLi^<&^^«^«    "^itiL  nunDe^nuotMl 
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t  roared,  like  the  defiant  shoutingB  of  a  giant  excited  with  wine,  throng^ 
he  huge  arms  of  the  hudding  elm.  With  the  sound  of  dashing  billows,  it 
mshed  fchrongh  the  poplar  and  the  ash  ;  while  it  went  whistling,  piteoualyi 
^irongh  the  pliant  willow.  like  a  mighty  army  of  invaders,  leaving  deso^ 
ation  in  its  traek,  the  vast  mass  of  air,  swifter  than  a  bird^  swept  aoroasr 
he  land,  hurling  every  obstacle  from  its  path.''  ^^The  great  struggle^ 
letween  Winter  and  Spring. was  over;,  and  the  former,  with  precipitou* 
laste,  fled  fcom  the  combat^  roaring,  and  ravings  ai^  howling  SLWa^ 
TMigefolly  leaving  what  ruins  he  could  to  indicate  his  power." 

The  most  remarkable  phenomenon  of  the  month  of  March  is  Wnn).     Itsr 

oisterousness  is  proverbial : — ** March  comes  in  like  a  lion,  and  goes- out 

ike  a. lamb."     The  effects  of  the  wind,  too,  have  been  noticed  in  the  adagesj 

'A  peck  of  March  dust  is  worth  a  king's  ransom;"  and,  "The  rooks  hasre; 

icked  up  all  the  dirt."     The  water  in  the  earth,  after  having  split  up  tha-. 

lods  of  the  mould  under  the  influence  of  frost  in  January,  was  softened  by 

le  thaws  of.Februarv,  and  sinking  down  into  the  crevices  of  the  ground, 

as  carried  along  with  it  the  vegetable  and  animal  matters  which  it  had 

eld  in  solution,  and  which  are  intended  for  the  nourishment  of  the  roots  of 

Lants,    But  the  ground  is  yet  too  sloppy  to  receive  the  seed ;  the  surface  of 

le  earth  must  be  dried ;    tne  water  must  be  evaporated  from  between  the* 

articles  of  soil:  this  it  is  the  office  of  March  winds  to  effect. 

Wind  is  air  in  motion.    The  question  then  arises — What  are  the  causes 

hich  are  likely  to  produce  such  constant  movement  in  a  gaseous  body  like 

le  atmosphere?    It  has  already  been  stated  that  it  is  a  general  law  that 

1  bodies  expand  when  heated,  and  contract  when  heat  is  withdrawn ;    and 

follows  that  any  cold  substance  (water  excepted)  containing,  in  an  equal 

)ace,  more  particies,  or  atoms,  than  a  warm  body  (in  which  the  atoms  are- 

reed  apart  by  the  heat),  will  be  attracted  more  forcibly  to  the  earth,  or^  im 

;her  words,  will  be  heavier.     On  the  other  hand,  when  any  substance  is- 

>ndered  hotter  than  the  medium  around,. it  is  attracted  less  forcibly  to  the. 

irth,  or  becomes  lighter.     If  a  paper  bag  be  constructed  in  such  a  manner- 

lat  the  air  contained  within  it  can  be  made  warmer  than  the  atmosphere' 

trrounding  the  apparatus,  it  will  be  pushed  upwards  by  the  colder,  and- 

Lerefore  heavier,  air,  which  tends,  as  it  were,  to  squeeze  itself  underneath- 

LB  paper  bag,  or  rarefied  air-balloon..    When  a  piece  of  cork  is  held  under 

aterj  between  the  fingers,  at  the  bottom  of  a  vessel. of  water,  its  tendency- 

rise  is  owing  to  no  peculiar  property  in  itself,  but  is  due  to  the  water, 

hich,   pressing,  equally  in  all  directions^  forces  upwards  any  substanoei 

Lving  less  attractive  force  than  itself.      The  same  phenomenon  oocursr 

hien  the  fire-baUoon  ascends  from  the  earth  to  a  region  where  the  air,  front- 

minished  pressure  of  gravity,  is  nearly  as  rarefied  as  the  contents  of  thfl; 

dloon.     It  is  manifest^  then,  that  whenever,  from  any  cause,  a  portion  of. 

IT- atmosphere  in  its  ordinary  condition,  unconfined,  becomes  expanded,. 

cubic  foot  of  such  portion  will  contain  fewer  particles  than  the  same 

sasure  of  air  not  so  acted  upon ;  and  being  attracted  to  the  earth  in  a  lessi 

gree,  proportionate  to  the  lessened  number  of  its  atoms,  it  will  be  forced; 

►wards  by  the  surrounding.hearier  air,  which  presses  under  it  according. to^ 

e  laws  of  fluid  equilibrium; 

A  current  flowing  towards  the  place  from  which  the  heated  air  has-  riaeit 
thus^produced,  and  a  wind  is  said  to  blow  towards  that  point.  Heat  being 
B  common  cause  of  the  jrarefaAtkm  of  all.bodiei,  it  would  be  expected  that 
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great  conflagrations  would  produce  upward  currents  of  air,  and  strong  wind 
blowing  towards  the  Are ;  and  we  learn  that  these  phenomena  were  remark- 
able at  the  burning  of  Moscow,  where  the  cold  air  from  the  surrounding 
oonntry  blew  from  all  quarters  towards  the  city  with  the  violence  of  a  bur- 
licane.  llie  writer  observed  in  the  early  morning,  after  a  destructiye  Sae 
m  Manchester,  that  the  weathercocks  on  the  church  spires  and  publie 
buildings  pointed  in  opposite  directions  from  the  scene  of  the  fire,  showiag 
that  there  had  beej^  a  stream  of  air  rushing  in  from  all  sides  towards  the 
point  of  conflagration.  The  phenomenon  upon  a  small  scale  is  hourly  to  be 
witnessed  in  our  houjies.  A  fire  is  lighted  in  the  grate,  warming  and  rare- 
fying the  surrounding  air,  which,  haying  a  diminished  attractive  force,  is 
pushed  into  the  chimney  by  the  heavier  cold  atmosphere,  which,  squeeies 
itself  through  the  crevices  around  the  door  and  the  window  sash.  What  it 
called  **a.  draught"  in  a  house  is  a  current  of  air  produced  by  the  pressoe 
of  cold  atmosphere  to  displace  that  which  has  lost  gravity  by  rarefaction* 

The  torrid  zone — ^from  causes  already  noticed — is  the  hottest  portion  of 
our  globe,  and  here  there  must  be  the  ^atest  rarefaction  of  atmosphere; 
there  should,  therefore,  if  our  theory  is  correct,  be  an  ascending^  curreDft 
from  this  past  of  the  earth,  and  winds  blowing  from  the  north,  and  tkt 
south  towards  the  equatorial  regions.    This  is  actually  the  case.     The  cold 
air  from  the  frozen  regions  is  continually  pushing  towards  the  tropia^ 
while  the  heated  atmosphere  from  the  tropics  forms  an  upper  conent 
towards  the  poles.    The  former  produce  the  trade  winds,  so  important- 1» 
mercantile  navigation,  the  latter  act  only  upon  the  most  elevated  Tapoms. 
If  the  earth  did  not  rotate,  and  local  causes  did  not  interfere,  there  wonU 
be  throughout  the  northern  hemisphere  a  steady  wind  from  north  to  souik;  I 
while  in  the  southern  hemisphere  there  would  be  a  continuous  stream  of  air  I 
from  south  to  north.     It  is'plain,  however,  that  the  air  at  the  poles  has  a  I 
less  rapid  rotatory  motion  than  that  at  the  equator,  and  that  tlie  streaa  I 
coming  from  the  former  latitudes  will  retain  the  slow  movement  which  it  then  I 
Now,  we  know  that  if  we  are  driven  rapidly  (in  a  railway  traa,  I 


for  example)  against  air  which  is  quiescent,  we  have  a  sensation  identiMl 
with  that  produced  by  wind  blowing  against  us;  and  so,  as  the  eaiA 
revolves  from  west  to  east,  with  a  rapidity  far  exceeding  the  revolutioxuuy 
rapidity  of  the  air-stream,  the  latter  appears  to  have  an  opposite  motioa 
and  seems  to  blow  from  the  north-east  in  the  northern  hemisphere,  an^ 
from  the  south-east  in  the  southern  half  of  the  earth.  While  the  cold  eat 
rents  from  the  poles  are  thus  creating  the  trade  winds  towards  the  equator, 
the  hot  air  which  ascended  from  the  tropics  has  parted  with  a  portion  of  ik 
warmth,  and  descends  again  at  the  poles,  there  producing  a  toest  wini 
owing  to  the  fact  that  this  air  possesses,  in  some  degree,  the  more  itm 
rotatory  motion  of  the  equatorial  regions  with  which  it  has  been  in  conteft 
Hence  south-west  winds  prevail  in  the  north  temperate  zone,  m 
north-west  winds  in  the  south  temperate  zone.  It  is  on  this  account  tiH^j 
the  voyage  from  New  York  to  Liverpool  does  not  occupy  on  the  ayes 
more  than  twenty-five  days,  while  the  average  length  of  time  oocupied 
the  voyage  in  the  opposite  direction  is  about  thirty -five  days. 

As  ike  trade  winds  approach  the  equator,  they  bee;in  to  partake  of 
motion  of  the  earth,  and  their  apparently  easterly  direction  becomes 
and  less ;  and  in  the  immediate  vicinity  of  the  equatorial  zone  ths 
mirrent  seems  to  blow  due  north  and  south  on  either  side. 
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Under  the  head  of  "The  Terrestrial  Phenomena  of  February  "  (5. 463),  tht 
yarious  causes  affecting  the  climates  of  different  places  are  mentioned.  It 
need  scarcely  be  observed  that  all  the  agencies  whicn  affect  the  temperature  of 
a  locality  will  also  tend  to  influence  its  air-currents.  The  extent  of  water  or 
Land,  mountain  ranges  with  summits  above  the  snowline,  and  all  other 
pecidiarities  of  terrestrial  aspect  in  the  neighbourhood  of  a  place,  produce 
changes  in  the  air-currents  by  which  it  would  ptherwise  be  supplied.  Thus, 
In  the  Indian  Ocean,  the  trade  winds,  whose  general  direction  has  been 
leseribed,  receive  a  curious  modification  from  the  position  of  the  surround- 
mg  land,  and  the  effect  of  solar  heat  upon  it.  Tne  district  in  which  this 
[ihenomenon — which  is  called  the  monsoon — is  observed,  extends  from  the 
sast  coat  of  Africa  to  about  135^  E.  longitude,  and  from  the  southern  parts 
>f  Asia  to  about  IG*'  S.  latitude.  From  April  to  October,  while  the  sun's 
rays  are  vertical  on  the  northern  side  of  the  equator,  and  tiie  surface  of  the 
3ontinent  there  highly  heated,  a  S.W.  wind  blows  from  3®  S.  latitude,  over 
[ihe  northern  parts  of  the  Indian  Ocean,  Hindostan,  the  China-Indian  states, 
md  the  Indian  Archipelago.  Over  the  same  districts,  during  the  remaining 
part  of  the  year,  a  N.  W .  wind  prevails.  From  the  third  to  the  tenth  degree 
>f  S.  latitude  there  is  a  S.£.  wmd  from  April  to  October,  and  a  N.W.  during 
he  next  half-year.  The  S.W.  wind  brings  in  the  "rainy  season"  of 
[ndia. 

The  trade  winds  and  monsoons  may  be  considered  regular  winds,  being 
jubject  to  little  variation  from  year  to  year  in  the  recurrence  of  their  opera^ 
ions.  The  larger  the  expanse  of  ocean  over  which  the  former  blow,  the 
nore  steady  is  the  air-current ;  and  for  this  reason  the  trade  winds  are 
bund  to  be  more  continuous  and  invariable  in  the  Pacific  than  in  the  Atlan- 
ic  Ocean,  and  in  the  South  than  in  the  North  Atlantic  Ocean.  It  is 
angular  that  in  the  region  of  the  constant  trade  winds  rain  falls  very 
leldom,  though  there  is  an  abundant  supply  of  frequent  showers  in  the 
idjoining  latitudes.  The  cause  of  this  will  be  explained  in  connection 
vith  the  phenomena  characteristic  of  one  of  the  later  months. 

The  rapid  changes  and  extreme  variations  of  temperature  liable  to  occur 
in  extensive  tracte  of  land,  render  the  winds  more  uncertain  in  such  looali- 
ifis,  and  their  phenomena  less  reducible  to  order,  so  that  no  general  lav 
an  with  certainty  be  derived  from  the  observations  which  have  been  made. 
Sven  in  eqiiatorial  latitudes,  under  such  circumstances,  there  is  little  con- 
lUvLCj  in  the  direction  or  intensity  of  the  winds.  In  high  latitudes  the  in« 
equalities  are  still  greater,  and  extend  even  to  the  open  seas ;  and,  indeed, 
;he  winds  seem  to  obey  no  fixed  laws  beyond  the  latitude  of  40^.  There 
lie,  however,  in  all  latitudes  gentle  winds  on  the  borders  of  the  ocean, 
ttdled  land  and  sea  breezes^  which  should  be  noticed  and  explained  in  tiiis 
article  upon  "Wind."  During  the  day  the  rays  of  the  sun  warm  the  sur- 
face of  the  land  to  a  greater  desree  than  that  of  the  adjacent  ocean,  and  ike 
lir  above  it,  being  rarefied,  is  displaced  by  the  denser  air  rushing  in  from 
hs  sea ;  hence  a  current,  or  sea  breeze,  begins  to  set  in  soon  after  sunrise, 
md  continues  to  fiow  towards  the  land  till  after  the  rays  of  the  sun  have 
leased  to  supply  caloric.  In  tiiis  country  the  sea  breeze  sets  in  about  sevea 
IT  eight  0^ clock  in  the  morning,  and  continues  (according  to  the  season)  till 
hree  or  four  o'clock  in  the  afternoon.  When  the  sun  has  sunk  beneath  the 
lorizon,  the  earth,  by  radiation,  rapidly  parts  with  the  heat  it  has  absorbed, 
md  becomes  colder  than  the  water ;  and  then  the  air  above  the  land  having 
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become  moi»  dense,  and  oonsequently  lieayier,  pushes  the  sea  air  aside^  and 
thus  creates  a  land  breeze  blowing  from  the  coast  towards  the  ocean,  itvery 
person  who  has  visited  the  sea-coast  has  had  opportunities  of  noticing'  these 
]^enomena. 

It  will  hardly  be  appropriate  here  to  describe  the  winds  which  are  pemir 
liarly  local,  such  as  the  suiibcating  wind  of  Arabia,  Egypt,  Syiia,  &o.y 
Imown  as  the  Simoom ;  the  dreadful  Sirocco  of  Sicily ;  the  scorching  Solano 
of  Spain ;  the  withering  Harmattan  of  Africa ;  or  the  freezing  Bize  which 
Yisits  the  districts  at  the  foot  of  the  Alps.  It  has  been  our  intention  osly 
to  deal  with  phenomena  which  illustrate  and  prove  certain  general  laws. 

The  velocity  of  the  wind  varies  from  an  imperceptible  current  to  a  hun- 
dred  miles  an  hour.  When  its  rate  of  movement  is  ahout  Ave  miles  an 
hour,  it  is  said  to  be  a  "pleasant  breeze ;"  when  its  speed  rises  to  tlxirty  miles 
an  hour,  the  wind  is  described  as  "high;"  when  it  gains  a  force  of  double 
that  rapidity,  a  "great  storm"  results^  and  when  its  velocity  rises  to  eighty 
or  a  hundred  miles  an  hour,  the  most  dreadful  destruction  of  trees  aiid 
houses  ensues,  and  a  "hurricane"  is  said  to  occur. 

Having  described,  in  general  terms,  the  causes  of  winds  and  some  of  ihe 
most  remarkable  air-currents,  the  reader  will  expect  to  learn  somewhat  of 
the  effects  of  these  phenomena.  For  what  good  end  do  winds  blow  i*  We 
have  a  ^m  belief  that  all  such  things  must  have  a  beneficial  purpose  to 
which  they  are  specially  adapted.  What  is  the  purpose  of  the  winds  r'  What 
is  the  especial  duty  of  the  currents  from  the  pole  to  the  equator  ?  The  fiist 
thing  which  strikes  us,  perhaps,  is  the  difierence  in  the  temperature  of  liie 
two  latitudes  just  named ;  and  we  should  not  erroneously  conclude  that  one 
effect  of  these  air-currents  was  to  tend  to  equalize  their  temperature,  \j  \ 
conveying  the  cooling  atmosphere  of  the  frozen  regions  to  the  tropics,  aid 
vice  versd.  But  another  and  more  important  relation  between  the  poles  I 
and  the  tropics  is  kept  up  by  the  agency  of  wind.  In  the  districts  wheie  [ 
extreme  cold  prevails,  a  greater  quantity  of  carbonic  acid  is  given  off  br 
the  lungs,  while  the  vegetation,  being  stunted,  has  less  power  of  decom- 
posing the  poisonous  gas  and  eliminating  oxygen  than  in  the  torrid  zone^ 
*'where  a  sky,  seldom  clouded,  permits  the  glowing  rays  of  the  sun  to  shia 
upon  an  immeasurably  luxuriant  vegetation,"  and  where  oxygen  is  givei 
out  abundantly.  Between  these  regions  the  winds  effect  an  interchangs, 
conveying  the  carbonic  acid  of  the  poles  to  the  tropics,  and  the  oxygen  d 
the  torrid  zone  to  the  frozen  regions.  Wind,  moreover,  is  of  great  use  t 
drving  the  earth  in  seed-time,  &c.,  by  the  process  of  evaporation ;  it  is  ahi 
the  agent  which  conveys  the  clouds  from  the  waters  over  the  lands  ;  and  i 
exercises  a  constant  innuence  in  preventing  the  stagnation  of  the  atmosphen^ 
and  in  the  dispersing  of  noxious  effluvia. 

It  is  due  to  the  reader  to  mention  that  although  heat  is  the  chief  can* 
of  atmospheric  disturbances,  yet  that  the  rapid  condensation  of  vapours  o 
tiie  atmosphere  occasionally  produces  sudden  and  powerful  air-ourrenfr 
Sufflcient  rain  to  form  a  layer  of  water  an  inch  in  depth  has  been  known  i| 
fall  in  the  equinoctial  regions  over  a  large  extent  of  country :    the  liquil 
was  previously  in  a  state  of  vapour,  occupying  much  greater  space,  aj^l 
upon  its  condensation  a  vacuum  would  have  been  produced  if  the  air  f«il      tl 
all  sides  had  not  pressed  in  to  till  the  empty  space.     Suppose  the  supertiddl     ^ 
extent  over  which  rain  had  thus  fallen  to  be  one  hundred  square  leagues-^!     ^a 
£be  vapour  necessary  to  produce  this  quantity  of  water  existed  in  the  ati#l    % 
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spltere  at  a  temperature  of  50**  Palip.,  it  would  occupy  a  space  one  hundred 
tnousand  times  greater  than  in  the  liquid  state.  The  immense  void  resulting, 
from  such  a  condensation  may  he  conceived,  and  an  idea  formed  of  the  mode 
in  which  violent  atmospheric  concussions  are  produced.  The  whirlwinds^ 
which  produce  such  disastrous  effects  in  the  tropics,  are  helieved  to  be 
caused  by  these  sudden  condensations  of  vapour. 


CHAPTER   lY. 


APBIL. 


"Thou  visitest  the  earth,  and  waterest  it.  ♦  ♦  *  T^ou  makest  it  soft  with- 
in wer^;  thou  blesaest  the  springing  thereof." — Fsalma. 

"  "When  proud  pied  April,  dressed  in  all  his  trim, 
Hath  put  a  spirit  of  youth  in  everything." 

Shakespeabe's  Sonnets^ 

"  Next  came  April,  wanton  as  a  kid." — Spenser. 

"  The  effusive  South 
Warms  the  wide  air ;  and  o'er  the  void  of  heaven 
Breathes  the  big  clouds  with  vernal  showers  distent. 
At  first  a  dusky  wreath  they  seem  to  rise, 
Scarce  staining  ether ;  but  by  swift  degrees* 
In  heaps  on  heaps,  the  doubling  vapour  sails 
Along  the  loaded  sky,  and,  mingling,  deep, 
Sits  on  th'  horizon  round,  a  settled  gloom  : 
Not  such  as  wintry  storms  on  mortals  shed. 
Oppressing  life ;  but  lovely,  gentle,  kind. 
And  full  of  every  hope  and  every  joy, 
The  wish  of  Nature.  *  *  *  ♦  At  last 
The  olouds  consign  their  treasures  to  the  fields, 
And  softly  shaking  on  the  dimpled  pool 
Prelusive  drops,  let  all  their  moisture  flow. 
In  large  effusion,  o'er  the  freshen'd  world; 
The  stealing  shower  is  scarce  to  patter  heard 
By  such  as  wander  through  the  forest  walks, 
Beneath  the  umbrageous  multitude  of  ie&Tes^ 
«  *  *  «•  « 

Thus  all  day  long  the  full-distended  clouds 

Indulge  their  genial  stores,  and  well-shower'd  earth 

Is  deep  enrich' d  by  vegetable  life."— Thomson's  Seasons, 

SxnBH,  in  his- delightful ''  Reflections,"  says  that  the  nearer  we  approach . 
this  (farming  menth  of  April,  '*  the  more  we  see  the  wild  and  melanchohr. 
atppeftranoe  of  winter  wear  oil'.  Eaoh  day  brings  forth  some  new  creation ;  each, 
day  Nature  draws  nearer  to  perfection."  '^Nature  is  dressed  in  smiles. 
Spring  has  donned  her  robes  of  brightest  green,  and  u^riaea  \ikfb  ^  ^^s^j^^sk 
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bridegroom  to  meet  the  beauteous  Summer  in  ber  bowers.  All  above,  like  white 
and  downy  feathers,  the  fleecy  clouds  are  cradled  in  the  sky,  rocked  by  sing- 
ing zephyrs,  or  sail  along  like  fairy  ships  upon  an  azure  ocean.  All  below  is 
spreaa  a  fresh  and  gorgeous  tapestrj  of  green,  inwrought  with  golden  tliTeads 
of  cowslips,  primroses,  and  celandmes,  and  jewelled  by  azure  speedweUa  or 
delicatelv-tinted  cuckoo-flowers;  while  here  and  there  the  daisy----ehild- 
hood's  dearest  ornament — ^peeps  up  with  childlike  modesty,  pouting  its 
budding  lips  in  rosy  eagerness  to  kiss  the  young  year*s  feet  as  they  ^mb 
along,  glistening  with  diamonds  of  scented  dew.  The  sky  weeps  tears  of  joy, 
wooing  the  eaith  to  fruitfulness." 

Everybody,  from  young  Shakespeare  to  the  latest  school-child,  loves  the 
month  of  April — ^its  blossoms,  its  skies,  its  playful  breezes,  its  scented 
showers.  Sobered  by  passing  years,  as  we  sit  in  our  study  penning  theae 
lines,  we  catch  again  the  spirit  of  our  boyhood's  springtide,  and  while  we 
write  we  live  again  in  that  happy  time.  As  then  with  delighted  feet  WB 
dashed  among  the  primroses  and  violets ;  so  now,  in  imagination,  we  would 
revel  among  sweet  woodland  scenery,  and  treat  of  buds  and  blossoms,  witii 
a  poetry  belonging  to  a  bygone  era  of  oui*  life.  But  this  is  not  a  part  of  o« 
present  plan,  and  it  is  due  to  our  readers  to  refuse  to  deviate  from  the  padi 
along  wnich  we  have  undertaken  to  conduct  them,  though  sweet  floweotetR, 
redolent  with  teeming  memories  and  sweet  associations,  lure  us  from  the 
way. 

The  winds  of  March  having  dried  the  surface  of  the  earth,  the  motJd  is 
rendered  Mable,  and  fltted  to  receive  the  seed  from  the  hands  of  the  hus- 
bandman. But  moisture  is  necessary  to  the  germination  of  the  seed,  and  so 
sooner  is  it  deposited  in  the  soil  than  April  showers  come  with  warmth  and 
geniality.  The  rain  that  seems  to  fall  capriciously  is  wisely  and  benevo- 
lently sent,  and  gives  the  character  to  the  month  as  the  most  remarkaUe 
terrestrial  phenomenon  occurring  during  its  passage.  If  we  could  in  sensar 
tions  be  children  once  more,  and  feel  again  the  marvellous  astonishment  m 
experienced  when  first  we  saw  water  come  pouring  from  the  sky,  we  shovU 
be  able  to  understand  how  really  wonderful  and  beautiful  is  an  ordinal^ 
shower  of  rain.  But  familiarity  has  destroyed  the  perception  of  its  marvel' 
lousness,  so  the  world  shoulders  its  umbrella,  and  goes  sulkily  on  its  way. 
Let  us  not  follow  the  fashion,  nevertheless,  but  stop  to  inquire  what  is  w 
cause  and  nature  of  a  shower  of  rain. 

The  first  question  which  arises  is — How  did  the  water  accumulate  in  tt« 
air  to  form  the  rain-drops  ?  Whence  came  the  fiuid,  and  how  did  it  asoeoi 
into  the  sky  ?  These  questions  may,  perhaps,  be  answered  by  others.  lfi\ 
few  drops  of  water  are  poured  and  spread  upon  a  slate,  and  left  exposed  til 
the  air,  they  will  shortly  disappear :  what  has  become  of  them  ?  The  watv 
is  said  to  have  evaporated^  or  to  have  passed  away  in  the  state  of  vapotf 
into  the  air.  Of  this  property  in  air  to  cause  a  gradual  wasting  away  of  tki 
surface  of  water  we  shall  have  to  speak  hereafter ;  we  mention  it  here  odIT 
to  afford  a  clue  to  the  origin  of  the  water  which  falls  as  rain.  From  ]akl\ 
river,  sea,  and  ocean,  the  process  is  continually  going  on,  and  is  active  i 
proportion  to  the  temperature  of  the  air,  it«  dryness,  and  motion.  If  oii 
not  summer's  day  two  bowls  of  exactly  equal  capacity  be  filled  with  walil 
the  one  exposed  to  the  sun's  rays  and  a  current  of  air,  while  the  other  i 
placed  in  a  cold  cellar,  the  former  will  be  found  to  have  lost  a  consideii 
portion  of  its  contents,  while  the  other  remains  tmaltered.     If  the  air 
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heated,  its  capacity  for  water  is  increased ;  if  it  be  suddenly  cooled,  the 
yaponr  is  condensed,  haying  parted  with  the  latent  heat  whicn  was  neoes- 
sary  to  preserye  its  rarefied  condition.  If,  moreoyer,  as  soon  as  any  portion, 
of  air  is  saturated  or  loaded  with  watery  yapour,  it  is  displaced  by  fresh  dry 
air,  the  eyaporation  will  be  more  rapid  than  under  ordinary  circumstances. 
Thus,  under  the  influence  of  wind,  the  moisture  of  the  earth  is  carried  off 
with  extreme  rapidity.  The  water  which  by  this  process  rose  upon  the 
wings  of  the  wind  in  March,  as  an  inyisible  yapour  dissolyed  in  the  air, 
becomes  condensed  again  in  April,  to  fertilize  the  earth  from  which  it 
originally  proceeded. 

Let  us  yerify  this  by  experiment.  When  the  kettle  boils  we  observe  that 
steam  or  watery  yauour  issues  from  the  spout.  At  first  the  atmosphere  doe 
not  dissolye  it ;  ana  while  this  is  the  case  it  is  yisible  to  the  eye.  Before, 
howeyer,  it  has  been  driyen  many  inches  from  the  yessel  the  steam  disap- 
pears, and  "  yanishes  into  thin  air,''  After  this  has  gone  on  for  a  time,  if 
the  yapour  be  generated  fast  enough,  the  air  ceases  to  be  able  to  absorb,  and 
a  mist  or  steam  is  perceiyed  in  the  apartment.  While  the  air  is  yet  trans- 
parent— ^that  is  to  say,  while  it  retains  its  power  of  absorbing  watery  yxipour 
—the  fluid  which  passed  from  the  kettle  may  be  regained  and  made  yisible. 
A  certain  portion  of  heat  supplied  by  the  fire  to  the  kettie  was  required  to 
oonyert  the  liq^uid  into  yapour;  the  sensible  heat  became  latent.  Smce  this 
heat  is  necessary  to  the  permanence  of  the  yapour,  it  is  plain  that  if  it  could 
be  withdrawn  the  steam  would  return  to  its  original  form,  fluid.  This  may 
be  accomplished  as  follows : — ^Place  upon  the  table  of  the  room  where  the 
steam  has  been  generated  one  of  the  tall  cylindrical  glasses  used  by  the  con- 
fectioners, capable  of  holdiog  rather  more  than  a  pint.  Take  care  that  the 
outside  is  penectly  dry,  and  that  the  yessel  is  cool.  Throw  into  the  glass  a 
mixture  composed  of  nye  ounces  of  muriate  of  ammonia  (sal  ammoniac),  fiye 
ounces  of  dry  nitrate  of  potash  (saltpetre),  and  eight  ounces  of  sulphate  of 
Boda  (Glauber's  salts);  ^ur  oyer  the  powder  a  pint  of  the  coldest  water  that 
can  be  procured,  and  stir  gently  with  a  glass  rod  or  bone  paper-knife.  A 
large  amount  of  heat  will  be  absorbed  by  the  mixture,  and  the  air  contignous 
to  tiie  sides  of  the  yessel  will  be  cooled  to  such  a  degree  that  a  portion  of  the 
yapour  contained  in  it  will  be  condensed  and  precipitated  upon  the  sides  of 
the  glass,  like  drops  of  dew.  In  the  same  manner,  we  may  obserye  that  the 
moisture  of  heated  rooms  is  condensed  upon  the  window-panes  when  the  air 
without  is  cold ;  and  after  a  thaw,  when  the  air  is  warmer  than  the  walls  of 
our  houses,  a  similar  deposit  of  water  takes  {>lace. 

The  temperature  at  which  the  condensation  of  watery  yapour  begins  is 
called  the  aeto-pointt  and  many  ingenious  instruments  haye  been  deyised  to 
aseertain  the  quantity  of  steam  contained  in  the  atmosphere  at  any  parti- 
cular time,  by  noticing  the  point  on  the  thermometer  at  which  dew  is  formed. 
We  say  the  air  is  dry  when  water  is  quickly  dried  up,  or  absorbed  by  it; 
on  the  other  hand,  we  say  the  air  is  damp  when  wet  substances  dr^  (mly 
slowly.  In  the  former  case  a  greater  degree  of  cold  would  be  required  to 
precipitate  the  water,  or  condense  the  yapour;  while  in  the  latter  the 
d^htest  reduction  of  temjperature  would  induce  the  re-formation  of  water. 
When  the  condensation  ot  yapour  in  the  air,  under  ordinary  circumstances, 
occurs  by  contact  with  cold  solid  bodies,  it  is  called  detc;  when,  on  the 
contrary,  the  whole  body  of  air  is  cooled,  misiSf  clouds,  or  rain  are  formed* 

The  yapour  of  which  clouds  are  composed,  and  which  supplies  the  fluid  to 


the  showers  of  April,  is  ia  a  peculiar  oondition.  A  soieniifilo  trayeller  xat  the 
Alps  describes  the  appearance  of  a  mist  by  which  he  was  ^lYeloped,  and 
wMch  was  almost  stagnant.  He  was  greatly  astonished  at  the  sLie  of  .the 
drops,  as  he  imagined  them  to  be,  the  more  especiallj  whea  he  sawth^n 
float  along,  without  any  tendency  to  fall  to  the  earth.  These  bodies,  whioh 
were  of  the  size  of  &e  largest  peas,  proved,  upon  inYestigatioI^  to^  be 
Yesides,  or  small  bubbles  of  water  of  extreme  tenuity.    It  is  consideied 

Sobable  that  in  clouds  and  mists  the  fluid  is  always  in  this  singular  oaor 
tion,  though  there  may  be  great  differences  in  the  size  of  the  yesioleStf  If 
clouds,  mists,  or  fogs  consisted  of  drops,  they  would  immediately  fall  to  the 
earth ;  indeed,  it  has  been  calculated  '^  that  a  drop  of  water,  one  thousandth 
part  of  an  inch  in  diameter,  in  obedience  to  the  action  of  gravitation,  would 
acquire  a  descending  velocity  equal  to  nine  (Sr  ten  feet  per  seoond ;  whereas 
we  see  clouds  hover  at  a  small  elevation  for  hours.  It  is  probable  thatthii 
Yesioular  condition  of  water  is  produced  when  two  volumes  of  air  of  di£5ereiit 
temperatures,  and  in  different  electrical  conditions,  meet  and  mix  together; 
If  this>  however,  takes  place  too  rapidly,  drops,  instead  of  vesieleB,  are 
fl>rmed ;  or  when  the  stratum  of  air  in  whioh  the  vesicles  float  is.  suddenlv 
condensed,  the  separate  globules  approach  each  other  and  mei^,  and  a. fail 
of  rain  is  the  consequence. 

It  must  be  admitted,  neverthelesB,  that  the  exact  circumstanoesr  vrhioh 
pxKLuce  the  vesicular  state  of  water  are  not  known,  nor  are  'scientific  men 
prepared  to  state  positively  what  conditions  are  necessary  to  its  permaaenod^ 
Of  its  change  into  the  form  of  rain-drops. 

8ome  extraordinary  falls  of  rain  have  been  recorded:  on  the  25th  ol 
October,  1825,  a  fall  of  rain  equal  to  the  depth  of  thirty- two  inches  fell  in 
twenty-four  hours  at  Genoa;  on  the  9th  of  October,  1827,  there  fell  ti 
Joyeuse,  in  the  south  of  France,  thirty-one  inches  in  twenty- two  hoiirs.  A 
curious  circumstance  attending  the  fall  of  rain  is  that  the  quantity  collected 
by  rain-gauges,  or  instruments  used  for  registering  the  depth  of  water  which 
falls,  varies  in  an  unaccountable  degree  with  the  elevation  of  the  instruments. 
The  quantity  collected  by  rain-gauges  on  the  surface  of  the  ground  is  con' 
siderably  greater  than  when  the  instruments  are  placed  at  some  elevati(a 
above.  On  an  average  of  thirteen  years  the  quantity  of  rain  which  M 
annually  in  the  court  of  the  Observatory  at  Paris  was  twenty-two  inches; 
while  the  mean  quantity  which  fell  on  the  terrace,  ninety-two  feet  abo^ 
the  level  of  the  court,  was  less  than  twenty  inches.  A  rain-^uge  placed  st 
the  top  of  York  Minster  showed  a  fall  of  nearly  fifteen  inches  betweei 
February,  1833,  and  February,  1834 ;  while  another  perfectiy  similar  instru- 
ment  on  the  ground  registered  nearlv  twenty-six  inches^  The  cause  of 
these  singular  discrepancies  is  not  understood,  but  is  supposed  to  depeni 
upon,  the  currents  of  wind,  which  interfere  with  the  perfect  actions  d 
instruments  elevated  from  the  ground. 

The- average  quantity  of  rain  which  falls  in  a  year  in  any  given  pla« 
depends  upon  a  great  variety  of  circumstances,  principally,  those  connected 
with*  climate,  &c.,  which  have  been  explained  in  a  previous  month. 

The  sky  is  usually  overcast  by  a  dark  cloud  before  a  shower,  but  instancei 
aie  on  record  where  rain  has  fallen  from  a  ser^oe,  cloudless  sky.  Tfaf 
emious  phenomenon  is  said  to  occur  frequentiy  in  the  island  of  Mauritius  ii 
th0  eivemng,  when  the  stars  are  shining ;  it  has  also  been  observed  in  Pazft 
€beiieTa,.and  Constantinople. 
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In  tropical  regions  the  rains  are  periodical,  as  before  mentioned ;  they 
fall  only  at  certain  seasons,  and  for  an  hour  or  two  daily.  The  drops  are 
said  to  be  larger  than  those  which  we  are  accustomed  to  see,  and  owing  to 
their  greater  weight,  strike  the  earth  with  considerable  violence.  "The 
rooming  is  clear,  the  clouds  gather  towards  mid-day,  heavy  rains  fall  in  the 
afternoon,  and  the  evening  is  again  clear  and  fine.  At  times  the  sky  is 
unclouded  for  months  together." 

Rain  is  unknown  in  some  parts  of  the  world,  viz.,  the  arid  deserts  of 
Africa  and  Arabia,  the  deserts  of  Gobi,  parts  of  Mexico  and  California,  and 
the  west  of  Peru. 

From  numerous  observations  it  has  been  proved  that  the  mean  or  average 
annual  temperature  generally  occurs  on  the  24th  of  April  and  the  21st  of 
October  in  the  temperate  zone. 

In  England  the  course  of  the  heat  i«  as  follows : — ^The  temperature  rises 
from  the  middle  of  January  until  the  middle  of  Jnly,  from  which  period  it 
^minishes,  finally  reaching  its  minimum  again  in  the  middle  of  January. 

*  *  April,  at  whose  i^lad  coining  zephyrs  riae 
"With  whisper' d  sighs, 
Then  on  their  light  wing  brush  away. 
And  hang  amid  the  woodlands  fresh 

Their  aery  mesh. 
To  tangle  Plora  on  her  way, 

^'  April,  it  is  thy  hand  that  doth  unlock, 

From  plain  and  rock, 
Odours,  and  hues  a  balmy  store, 
That  breathing  lie  oo.  Nature's  broast, 

So  richly  bless'd. 
That  earth  or  heayen  can  claim  no  inore."--rBELLEAn. 
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CHAPTER  V. 


*^  Fair-handed  Spring  unbosoms  every  grace, 
Hurows  out  the  primrose  and  the  snowdrop  first ; 
The  daisy,  primrose,  violet  darklv  blue, 
And  polyanthus  of  unnumbered  dves ; 
The  yellow  wallflower  stain' d  with  iron-brown, 
And  lavish  stock,  that  scents  the  garden  round ; 
From  the  soft  wing  of  vernal  breezes  shed, 
Anemones ;  auriculas  enrich' d 
With  shining  meal  o'er  all  their  velvet  leaves, 
And  full  ranunculus  of  glowing  red. 
Then  comes  the  tulip  race,  where  Beauty  plays 
Her  idle  freaks^  from  family  diffused 
To  family,  as  flies  the  father-dus^ 
The  varied  colours  run ;  and  while  they  break 
On  the  charm'd  eye.  the  exulting  florist  marks, 
With  secret  pride,  tne  wonders  of  his  hand. 
No  gradual  bloom  is  wanting — ^firom  the  bud, 
Firat-bom  of  Spring,  to  Summer's  musky  tribes; 
Nor  hyacinths  of  purest  virgin  white, 
Low  bent,  and  blushing  inwards ;  nor  jonquils 
Of  potent  fragrance ;  nor  narcissus,  fair. 
As  o'er  the  fabled  fountain  hanging  still ; 
Nor  broad  carnations,  nor  gay  spotted  pinks ; 
Nor,  shower'd  from  every^  bush,  the  damask  rose. 
Infinite  numbers,  delicacies,  smells, 
With  hues  on  hues  expression  cannot  paint — 
The  breath  of  Nature,  and  her  endless  bloom." — ^Thomsoit. 

''In  April  come  the  double  white  violet,  the  wallflowers,  the  stock-gilllflowers,  f 
oowbUd,  and  lilies  of  all  natures ;  rosemary  flowers,  the  tulip,  the  double  peony,  I 
pale  dii^odil,  the  French  honeysuckle,  the  cherry-tree  in  blossom,  the  damascene,  a 
plum-trees  in  blossom,  the  white  thorn  in  leaf,  and  the  lilac-tree.'^ — Bacon. 

The  "wisest  and  best  of  men  have  ever  entertained  a  passionate  love 
flowers.  The  poet-king  of  the  Hebrews  was  evidently  an  ardent  lover 
nature,  and  familiar  with  the  phenomena  passing  around  him.  '<  Leti 
flower,"  he  exclaims,  '*  let  no  flower  of  the  spring  pass  bv  us :  let  us  oroi 
ourselves  with  rosebuds  before  they  are  withered ! "  And  his  writings  tee 
with  illustrations  derived  from  the  beauties  of  nature  around  him.  ' 
modem  times  we  find  philosophers  and  poets  with  the  same  love  of  i 
exquisite  productions  of  the  early  year — the  flowers  of  May.  "With  "wii 
joy  old  Spenser  seems  to  write : — 

<*  Then  came  fair  Kay— -the  fairest  maid  on  ground — 
Deckt  with  all  dainties  of  her  season's  pride. 
And  throwing  flowera  out  of  her  lap  around." 

And  Heirieky  too : — 

"  Oh,  May,  with  all  thy  flowers  and  thy  greene. 
Bight  welcome  be  thou,  fair  fresh  May ! " 

To  quote  from  ^akespeare  would  be  truly  <*  love's  labour  lost ;"  for  ev«9 
page  is  redolent  with  <Hhe  breath  of  flowers,'*  which,  as  Bacon  obserfil 
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**  comes  and  goes  like  the  warbling  of  mnsic."  How  the  mighty  Milton, 
**  from  his  eminence  aloft,"  sweetly  discourses  of  the  denizens  of  the  meadow 
and  the  wood,  and  rejoices  over — 

"  The  flowery  May,  who  from  her  green  lap  throws 
The  yellow  cowslip  and  the  pale  primrose!" 

And  lesser  poets,  down  to  WordsWorth,  Tennyson,  and  Longfellow,  revel  in 
their  love  of  flowers. 

Our  Lord  and  Master  sought  in  the  flowers  and  flelds  the  poetical  illus- 
trations of  the  arguments  which  he  wished  to  enforce,  ana  in  so  doing 
i^pealed  to  a  strong  perception  and  love  of  the  beautiful,  which  is  common 
in  every  land  where  Nature  is  prodigal  of  floral  beauty.  "  Consider  the 
lilies  of  the  field,"  said  he,  **  how  they  grow ;  they  toil  not,  neither  do  they 
spin :  and  yet  I  say  unto  you,  that  Solomon  in  all  his  glory  was  not  arrayed 
lie  one  of  these." 

Since  May  is  the  festival  of  flowers,  the  ^ay-day  of  the  vegetable  kingdom; 
md  since  all,  from  the  youngest  to  the  oldest,  never  think  of  the  time  apart 
Qrom  its  blossoms  and  sunshine,  leaves  and  fragrauce,  we  shall,  in  this 
chapter,  "  consider  the  lilies  of  the  field,  how  they  grow."  A  greater  fami- 
ianty  with  the  denizens  of  the  meadow  and  the  wood  wiU  not  diminish  the 
ove  we  have  hitherto  felt  for  them,  but  will  add  to  our  list  dear  acquaint - 
inces  whose  faces  will  greet  us  as  in  our  solitary  walks,  peeping  from  the 
ledge-side,  or  by  the  forest  path,  to  remind  us  of  the  ever- watchful  care 
vhich  strewed  the  waste  ^ound  with  flowers,  and  covered  the  desert  island, 
ind  even  the  rock,  with  life  and  beauty.  * 

It  is  manifest,  as  plants  are  not  exactly  alike,  that  it  is  convenient  to 
Lame  them  diflerently ;  but  it  is  also  plain  that  as  in  some  points  certain 
dants  resemble  each  otiier  ve^  closely,  it  is  desirable  to  group  such  plants 
ogether,  and  give  them  names  which  imply  their  relationship.  This  nomi- 
Lful  division  of  the  vegetable  kingdom  into  families  and  orders  is  necessary, 
Twe  seek  to  gain  any  general  idea  of  its  parts,  because  it  would  be  quite 
mpossible  for  any  one  person  to  have  a  detailed  knowledge  of  each  indi- 
idual  plant,  separately  considered,  without  its  relations  to  others.  A 
jnilar  kind  of  division  is  found  convenient  in  almost  everything.  The 
nintry  is  divided  into  counties,  hundreds,  &c. ;  the  legislative  body  into 
<nrds  and  Commons ;  the  school  into  classes  and  divisions.  The  surface  of 
le  world  is  artificially  divided  into  sections,  by  lines  of  latitude  and  longi- 
ide ;  the  stars  are  considered  in  ^oups.  Knowledge  is  divided  into  sots 
id  sciences  ;  and  science,  again,  is  subdivided  into  geology,  geography,  &c. 
ivision  and  arrangement  are  necessary  to  the  consideration  of  every  psurt  of 
le  vast  field  of  nature,  and  as  the  vegetable  kingdom  consists  of  upwards 
'  100,000  species,  it  is  especially  convenient  to  those  seeking  to  become 
itter  acquainted  with  inanimate  life. 

In  calling  attention,  then,  to  flowers  and  their  growth  as  the  most  re- 
arkable  phenomena  of  the  months  of  May  and  June,  we  propose  to  consider 
e  best  method  of  becoming  acquainted  with  their  nature  and  properties ; 
,  in  other  words,  what  system  of  classification  it  is  best  to  aaopt  in  the 
idy  of  botany.*    But  to  do  this  we  must  possess  some  information  wil^ 

*  The  word  is  derived  from  poravtiy  a  plant;  the  root  of  the  Greek  word  signifies 
ofeed." 
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regard  to  plants,  such  as  the  names  of  their  parts,  and  the  functions  whidi 
those  parts  are  intended  to  perform.  We  shall  not  now  pauae  to  consider 
the  difficulty  which  exists  in  drawing  a  line  between  the  animal  and 
vegetable  kingdoms,  but  proceed  at  once  to  speak  of  what  are  well  known  as 
plants.  Of  these  objects  the  most  familiar  part  is  the  leaf ;  and  it  is 
remarkable  that  all  other  parts,  except  the  roots  and  their  appendages,  can 
be  shown  to  be  no  other  than  transformations  of  this  organ ;  as  a  proof  of 
which  it  may  be  observed  that  petals,  stamens,  &c.,  are  liable  toreassume, 
under  peculiar  circumstances,  a  leafy  character.  The  transformations  of 
stamens  into  petals  is  a  common  change,  and  is  that  which  converts  single 
into  double  flowers ;  hence,  as  the  stamens  perform  an  important  part  in 
fructification,  thoroughly  double  flowers  produce  no  seeds.  This  theory— 
that  all  appendages  of  the  ascending  axis,  or  stem,  are  leaves  metamorphosed 
to  serve  particular  purposes—  was  originally  suggested  by  Linn8eus,-bnt  after- 
wards more  ftdly  expounded  bv  the  illustrious  German  poet,  Goethe.  The 
first  growth  from  the  seed  is  leaf-like,  and  following  it  come  true  leaves, 
and  from  a  succession  of  these  the  stem  is  developed  ;  from  the  sides  of  flie 
stem,  buds — which  are  bundles  of  folded  leaves — arise ;  and  from  a  scries  of 
buds  the  branches  proceed.  When  a  certain  degree  of  maturity  has  beca 
attained  by  the  plant,  the  leaves  upon  portions  of  the  stem,  near  the  point  at 
which  flowers  are  about  to  appear,  assume  an  altered  character,  and  become 
smaller  and  more  petal-like :  such  leaves  are  called  bracts*  They  are  seen 
on  the  stem  of  the  rhubarb,  are  very  remarkable  objects  in  the  lime-tree, 
and  may  be  easily  found  on  many  common  plants,  firacts  may,  in  general 
tehns,  be  defined  to  be  the  leafy  appendages  between  the  true  leaves  and  tiie 
flower.  There  are  some  plants,  however,  in  which  they  are  not  found,  and 
many  in  which  it  is  difficult  to  distinguish  them  from  parts  of  the  floorer 
itself ;  as,  for  example,  in  the  common  daisy,  where  the  narrow  green  leaf- 
lets which  are  so  neatly  folded  over  each  otner,  at  liie  back  or  base  of  iie 
flowers,  are  bracts— -not  parts  of  the  true  blossom. 

It  will  be  convenient  if,  before  we  proceed  farther,  we  go  into  the  fields 
and  gather  a  plant — ^the  more  common,  the  better  adapted  will  it  be  for  oiff 
purpose,  because  there  will  be  the  greater  probability  that  all  our  pupik 
will  be  enabled  to  procure  specimens ;  and  they  will  learn,  moreover,  at  ike 
same  time,  that  the  most  useful  and  amusing  knowledge  may  frequently  Ik 
derived  from  objects  with  whose  outward  appearance  we  have  been -for  lift 
thoroughly  familiar. 

Who  does  not  know  the  bright-flowered  buttercup  ?  Which  of  us  las 
not,  in  joyous  infancy,  gazed  upon  its  polished  golden  petals  with  a  feelinj 
of  pure  delight  that  m  later  years  we  seldom  or  never  know  ?  The  butter 
cup — dear  jewel-flower  of  childhood !— associated  with  its  sweet  companioD! 
the  modest  daisy  —  what  can  be  more  fitting  subjects  for  matnrff 
thought  than  these,  the  earliest  objects  of  baby  admiration  ?  Let  tiSi 
then,  consider  these  two  familiar  friends  attentively.  In  the  butter 
cup  the  natural  leaves  consist  of  many  divisions,  while  in  the  daisf 
the  leaf  is  in  one  piece;  in  both  leaves,  however,  we  find  the  vein* 
or  fibres,   of   the  leaf  distributed  upon  a  somewhat   similar  plan  vh 


♦  From  the  "LaVAn  ^wd  hractea^  a  thin  leaf  of  metaL 
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a  central,   or  principal  fibre,  from  which  smaller  libres  arise,  and  form 

a  network  of  veins  on  either  side.    On  cutting  the  stalks,  moreover,  and 

examining  them  with  a  magnifyin^- 

glass,  we  discover  a   further   simi- 
larity of  structure ;  for  we  see  that 

there  are  bundles  of  woody  tissii^e 

symmetricallv    arranged    around    a 

central  pith  (d). 
Above  the  bracts  we  find  theblos' 

Bom,  which  consists  of  the  followinj^' 

parts: — 1.   Calyx;    2.   Corolla;    3. 

stamens ;  4.  Pistil.  If  we  look  at  the 

base  or  back  of  the  buttercup,  we  shall 

)bserve  five  small  green  leaves,  as  it 

s^ere,  supporting  the  yellow  leaves  of 

tihe  blossom  (Fig.  2,5).   Each  of  these 

rreen  leaves  is  called  a  s^aly  and  tho 

ive  sepals  together    form  what  is 

sailed  the  calyx^  because  they  are 

^equently  united  at  their  edges,  and 

;hus  constitute  a  cup  (calyx)  for  the  I 

lower.  Within  or  above  the  calyx  wo  I 

bavefive  yellow^ctefo,  which  together  | 

Form  the  corolla^  a  word  that  signi- 

ies  in  Latin  a  Httle  crown  or  gar-  1 

l^nd,  and  has  been  applied  to  this  I 

[Murt  because  the  petals  (the  parts  ol' 

lihe  corolla)  are  usually  of  bnlliaut 

3olour,  and  give  beauty  to  the  flower, 

[fwe  remove  these  yellow  petals,  we 

ihallfindattheba8eofeach(Fig.l,p)  Fig.  1. 

a  small  soisde  or  gland,  which  was  at  one  time  called 
the  nectary,  from  the  idea  that  it  was  the  orean  which 
secreted  honey.  It  may  here  be  appropriately  pointed 
out  that  in  nearly  all  plants  with  branched  stems  and 
reticulated  (net-veinech  leaves  there  is  a  curious  re- 
lation in  the  number  of  their  parts.  In  the  buttercup 
before  us  we  found  a  calvx  consisting  oijive  sepals, 
then  a  corolla  oijive  petals ;  and  in  the  section  of  the 

I  m  stem  we  eoxmtfive  bundles  of  woody  tissue ;  in  the  other 

parts  of  the  flower  we  shall  find  also  the  number  Jive^ 
Fig.  2.  or  a  multiple  of  it.     In  all  such  growths  the  numberz 

bur  and  five,  or  their  multiples,  predominate. 
Within  the  corolla  are  smaller  organs,  which,  though  more  difficult  to 

listinguish,  are  more  important  agents  in  the  production  of  fruit  or  seed. 

Cliese  will  require  the  use  of  a  lens  to  be  minutely  examined,  but  can  be 

listinguished  in  their  general  outlines  by  the  naked  eye.    Indeed,  at  first 

ight,  the  distinction  between  the  stamens,  which  are  outermost,  and  of  a 

jseper  yellow — and  the  pistils,  which  are  the  innermost,  and  have  a  greeniflih. 

ppearance — ^wiU  be  obvious.    In  the  common  wallflower,  the  cherry  blo»- 
oxn,  and  poppy,  the  difference  of  appearance  between  the  stamens  and  tht 

II 
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pistils  is  more  remarkable.  Let  the  stamens  be  remoTed,  and  the  mode  of 
their  attachment  to  the  stem  noted  ;  the  pistils,  with  the  ovaries,  or  tmripe 
fruit,  will  then  be  seen.  In  the  natural  process  of  growth  the  petals  and 
stamens  fall  from  the  ^kjWOT,  and  the  unripe  fruit  goes  on  increasing  witii- 
out  them  (Fig.  1,  o). 

In  the  daisy  the  parts  of  "fiie  iiower  are  not  so  distinct  as  in  the  buttercup; 
but  the  blossom  is  a  type  of  a  large  number  of  plants,  amongst  ^which  are 
the  dandelion,  sunflower,  china-aster,  and  other  flowers  having^  a  central 
disc  with  white  or  coloured  rays  around.  These  are  called  composite  flowers, 
because,  in  fact,  a  great  many  flowers  compose  each  blossom.  It  was  ez- 
plainfld  that  the  green  leaflets  at  the  back  of  the  flower  in  the  daisy  were  not 
sepals,  but  bracts ;  and  the  pupil  is  therefore  prepared  to  find  calyx,  coroDa, 
stamens,  and  pistils  within  and  above  them.  Gentlv  pull  away  one  of  the 
white  leaves  of  the  flower,  in  such  a  manner  as  to  brmg  away  wil3i  it  aB 
the  parts  attached  to  its  base.  Upon  careful  examination  it  \frill  be  found &t 
a  complete  floret  is  thus  removed ;  and  by  continuing  the  operation,  it  will  be 
manifest  that  the  whole  of  the  head  of  the  blossom  consists  of  a  series  of  floirerB 
crowded  together  upon  the  expanded  top  of  the  flower-stalk,  whidii  is  naawd 
the  receptacle. 


CHAPTER  VI. 

JUXE. 

'*In  youth  from  rook  to  rock  I  went, 

From  hill  to  hill  in  diBcanteaat 

Of  pleasure  high  and  turbulent. 

Most  pleased  when  most  uneasy : 

But  now  my  own  delights  I  ma^e, 

My  thirst  at  every  rill  can  slake, 

And  gladly  Nature's  love  partake 

Of  thee,  sweet  daisy  ] '  * — W  oans wobtil. 
*  *  Trampled  under  foot. 
The  daisy  lives,  and  strikes  its  little  root 
Into  the  lap  of  time ;  centuries  may  come 
And  pass  away  into  the  silent  tomb. 
And  still  the  diild.  hid  in  the  womb  of  time. 
Shall  amile,  and  pluck  them  when  thia  simple  rhfBM 
Shall  be  forgotten,  like  a  churchyard  stone; 
Or  lingering,  lie  unnoticed  and  alone, 
When  eighteen  hundred  years,  our  common  date, 
Grow  many  thousands  in  their  marching  state ; 
Ay,  still  the  child,  with  pleasure  in  his  eye, 
Shall  cry — *  The  daisy ! '  a  familiar  cry, 
And  run  to  pluck  it  in  the  selfsaniie  state 
As  when  Time  found  it  in  its  infant  date, 
And  like  a  child  himself,  when  all  was  new. 
Might  sink  with  wonder,  and  take  notice  too ; 
•  •  «  *  :♦ 

As  once  in  Eden,  under  Heaven's  breath, 
So  now  on  earth,  and  ooi  4/ke  lap  of  death. 
It  smiles  for  ever." — Clare. 

'  Bummer  has  come,  and  strews  buttercups  and  daisies  as  plenti&dly  as  ^ 
iterry  thoughts  of  childhood.  Let  us  wander  again  into  tlie  fields,  andn- 
«uaii».4Hir  4stody  of  our  dear  oVd.  iaNCKvsx\\fe%, 


\ 


TEKBESTEIAL  PHENOMEl^A  OF  THE  MONTHS — ^JTJNE. 


483 


Fig.  3. 


We  have  seen  that  the  daisy  is  not  a  single  flower,  but  is  composed  of  a 
multitiide  of  florets  grouped  together  upon  a  receptacle,  or  thickened  end  of 
a  flower-stalk,  and  tibat  it  was  hence  named  a  composite  flower. 

The  central  flowers  are  termed /forcte  of  the  disc;  in  them  the  corolla  is 
very  little  developed,  but  the  seed-producing  organs  are  complete.  On  the 
otiier  hand,  the  flowers  at  the  circumference,  which  give  the  appearance  of 
rays,  and  are  hence  QuiHedL  florets  of  the  ray,  are  developed  at  the  expense  of 
liie  reproductive  organs  (stamens  and  pistils^,  both  sets  of  which  are  usually 
absent.  The  corolla  in  the  latter  appears  like  a  white  strap,  or  ligula,  and 
sach.  florets  are  hence  named  ligulate^  or  strap-shaped.  In  the  dandelion  (a 
near  relation  of  the  daisy)  it  will  be  foimd  that  both  the 
flowers  ctf  the  ray  and  ttiose  of  the  disc  are  composed  of 
Hgulate  flowers ;  that  is  to  say,  the  corolla  is  developed 
(Pig.  3).  The  common  chicory,  or  succory,  belongs  to 
tiie  sub-order  ChicoracetSf  which  has  this  peculiarity: — 
AU  the  plants  contained  in  it  have  a  kind  of  milky  juice ^ 
tohushf  when  oancentraied,  is  found  to  possess  narcotic 
properties.  Those  plants  of  the  composite  order  which 
have  ligulate  flowers  only  in  the  ray,  and  tubular  ones 
in  the  disc,  are  called  radiate  flowers,  or  Corymhifera 
(Fig.  4).  All  the  plants  in  this  order,  to  wmch  belong  the  sunflowers, 
daisies,  chamomiles,  wormwood,  marigolds,  asters,  &c.,  have  the  bitterness 
which  is  common  to  all  composite  plants,  combined  with  a  resinous  principle 
of  a  stimulating  character :  few  plants  belonging  to  this  order  are  edible. 

It  will  be  observed  that,  by  such  a  classification  of  plants  as  that  which 
luLS  been  described,  plan^  of  similar  characters  arc 
brought  together — ^plants  which  possess  similar  pro- 
perties as  well  as  similcur  organization,  appearance,  &c. 

Let  us  now  note,  further,  the  pecuHarities  of  the 
buttercup,  having  a  regard  to  the  classification  of  the 

Slant  and  its  relations.  Its  parts  have  been  cursorily 
escribed  in  a  previous  paper.  When  such  an  organ- 
ization is  found  in  a  plant  in  which  the  stamens  are 
aumerous,  and  rise  from  the  disc  beneath  the  carpels 
[which  are  the  green  coverings  of  the  seed  in  the 
3entre  of  the  flower),  such  plants  are  placed  by  the 
S"atural  System  of  Jussieu  in  the  order  of  Hammculacece,  or  Ranunculus 
aibe.  All  the  plants  agreeing  in  these  general  characters  agree  also  in  their 
nedical  and  other  properties.  The  juice  is  constantly  acrid  and  nauseous, 
ind  in  many  of  them  is  found  a  narcotic  principle.  Hence  they  are  generally 
iseless  as  food  even  for  cattle.  The  Kanunculus  tribe  agree,  moreover,  in 
Jieir  form  of  growth,  being  either  herbaceous  or  shrubby,  never  assuming 
he  more  dignified  form  which  we  call  *'  a  tree."  The  hellebores,  whose  poi- 
onous  properties  are  notoriojis,  and  the  *  *  deadly  aconite,"  belong  to  this  order. 

prom  tins  it  will  be  seen  that  the  Natural  System  founds  its  classification, 
tot  upon  any  single  organ  or  class  of  organs,  but  upon  the  minute  anatomy 
nd  physiological  peculiarities  of  the  whole  growth ;  and  that  structure  is  so 
tosely  allied  with  quality,  that  the  same  medicinal  or  cdibb  properties  are 
>und  more  or  less  in  all  the  plants  grouped  together. 

The  system  of  Linnaeus,  known  as  the  Artificial  or  Sexual  System,  is 
ixmded  on  what  are  called  the  sexes  in  plants — that  is,  on  the  number. 


Fig.  4. 
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situation,  and  relation  of  the  stamens  and  pistils.  The  number  or  position 
of  the  stamens  points  out  the  class,  while  the  orders  are  founded  upon  that  of 
the  pistils.  It  is,  therefore,  extremely  easy  to  discover  the  linnsean  class  and 
order  of  any  flower  whose  parts  are  sufficiently  large  to  be  seen  with  the 
unassisted  eye  ;  but  a  series  of  difficulties  then  meet  the  student,  who  finds 
that  he  has  to  observe  a  number  of  other  peculiarities  of  form,  &c.,  before  he 
can  learn  the  name  of  the  particular  plant  under  exa^iination.  When,  how- 
ever, he  has  learned  the  name  of  the  plant,  the  young  botanist  has  learned 
little  or  nothing  more,  for  in  the  Sexual  System  plants  totally  different  in 
structure  and  properties  are  brought  together ;  nor  could  he  predict  of  any 
other  plant  which  ne  had  never  before  seen  what  would.be. its  probable  quah- 
ties  and  habits.  Moreover,  the  Sexual  System  is  uncertain,' as  the  number  of 
stamens,  from  accidental  circumstances,  differs  in  the  same  ;g»nu8,  and  ooca- 
sionally  even  in  different  blossoms  on  the  same  plant.  It  is:e;vident,  there- 
fore, mat  if  we  desire  to  study  the  beauties  of  the  vegetable  kingdom 
systematically,  we  shall  do  so  with  more  advantage  bv  adopting  the  system 
of  Jussieu  than  that  of  Linnseus.  To  quote  the  woros  oi  an  eminent  botanist,* 
"  the  system  of  classification  invented  by  Linna3us  was  altogether  worthy  of 
the  reputation  of  that  great  man,  considering  the  state  of  science  at  the 
time  wnen  he  lived;  and  that  it  effected  much  temporary  good  may,  perhaps, 
be  conceded ;  but  the  Linnsean  system  is  superficial  to  the  greatest  possihle 
degree  ;  it  has  a  manifest  tendency  to  render  those  who  employ.it  superficial 
also  ;  it  leads  to  a  mere  knowledge  of  names  instead  of  things ;  and  it  does 
not  lead  to  the  application  of  botany  to  any  one  useful  purpose." 

If,  on  the  one  hand,  the  Linna^an  system  appears  an  ea^  and  simple 
'  mode  of  studying  the  floral  beauties  of  creation,  it  fails  to  afford  the  pleasoie 
which  is  derivable  from  that  intimate  knowledge  of  every  plant  which  in  I 
the  result  of  a  practical  acquaintance  with  the  Natural  System,  which  I 


"  Makes  a  friend  of  every  flower  we  see, 
The  humble  shrub,  or  graceful  bending  tree." 


CHAPTER  Vn. 

JTTLr. 

*'  Bring  a  grey  cloud  from  the  east 

'Where  the  lark  is  singing, 
Something  of  the  son^  at  least 

Unlost  in  the  bringing ; 
That  shall  be  a  morning  chair. 

Poet  dream  may  sit  in. 
When  it  leans  out  on  the  air, 

Unrhymfid  and  unwritten."— Babkett. 


"When  Chateaubriand  returned  from  those  tropical  regions  where  the  de« 
blue  of  the  heavens  presented  a  continual  sameness,  he  rejoiced  to  see  aatt 
the  clouds  of  his  native  skies,  serenely  beautiful,  and  soothing  the  miSU 
him  who  gazes  upwards  with  thoughts  of  peace." 


Johnlindley, 


\ 
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Thus  spake  on  aged  man  to  his  young  companions,  as  they  went  up  a 
rocky  path  to  the  summit  of  Malvern. 

The  way  was  somewhat  toilsome,  hut  when  they  reached  the  highest  point 
a  glorious  panoramic  view  of  hill  and  dale,  of  woods  and  fields,  burst  upon 
the  view ;  yet  not  less  varied  were  the  heavens  in  their  diversity  of  clouds 
than  the  beauteous  and  sunny  landscape  that  lay  spread  beneath  them. 

'^Here,  then,"  said  the  old  man,  *'we  will  rest  awhile,  and  take  note 
concerning  the  beauty  of  the  clouds ;  for  surely  it  is  well  to  become  ac- 
quainted with  the  nature  of  those  aqueous  vapours,  and  the  sources  from 
which  they  originate,  that  our  understandings  may  be  enlarged,  and  that 
we  may  intelligently  praise  that  gracious  Being  from  whom  all  loveliness 
emanates — ^who  is  the  source  and  well-spring  of  whatever  tends  to  elevate 
the  mind  of  nian,  or  minister  to  his  intellectual  pleasures." 

Vapours  arise  from  off  the  earth ;  yet  not  from  marshy  places  only,  but 
from  ploughed  fields  and  j^lains.  A  slight  degree  of  cold  imparts  to  those 
exhalations  a  visibilitv  wmch  enables  us  to  distinguish  them  when,  assuming 
the  character  of  clouds,  they  float  across  the  heavens,  drifted  bv  the  wincb 
at  different  elevations,  with  every  variety  of  form,  and  considerable  dif- 
ference of  colour.  The  Arabs  gracefully  denominate  them  "water-urns  of 
the  firmament;"  and  when  mey  have  silently  performed  their  assigned 
ministry,  either  with  gentle  showers  or  heavy  rain,  they  as  silently  pass 
away.  From  them  our  fruitful  seasons  are  derived ;  they  refresh  the  earth, 
and  cause  it  to  spring  forth  and  bud,  that  it  may  give  seed  to  the  sower,  and 
bread  to  the  eater.  Wlio  does  not  remember  the  delight  with  which  rain- 
drops— ^heralds  of  coming  showers — are  hailed  in  hot  weather,  when  the 
flowers  hang  their  heads  upon  the  ground,  and  the  parched  earth  is  cracked 
by  long  continuance  of  drought  ?  or  when,  as  sang  the  poet,  we  listen  to  the 
rain  at  night  ? 

<^  The  mighty  rain  is  falling,  at  this  still  and  solemn  hour, 
Silent  and  yet  sounding  with  its  own  unearthly  newer ; 
Its  power  to  call  forth  green  leaves  from  the  parcVd  and  withered  bough, 
Bright  flowers  from  the  burnt  earth,  where  all  is  barren  now. 

**  Oh !  the  earth  was  parched  sorely  when  I  looked  forth  at  eve, 
In  the  hot  and  dewless  twilight,  for  no  cooling  wind  did  breathe, 
And  scarce  the  weary  bird  might  chant  his  vesper  song, 
And  the  scant  rill  was  faintly  heard  as  it  pass' a  the  meads  along. 

'*  But  the  rain  is  falling  now  with  a  deep  and  solemn  sound — 
Clear  streams  are  bursting  forth  in  the  dry  and  parched  ground : 
Hark  to  their  gentle  murmur  in  this  lone  and  silent  hour. 
When  men  are  stilly  sleeping,  and  the  mighty  rain  hath  power !  *' 

A  distant  shower  has  just  fallen,  and  very  beautifol  is  the  effect  which  it 
produces.  Yon  village,  with  its  old  grey  church  and  rookery,  is  obscured 
by  the  passing  over  of  a  maiestic  cloud,  from  which  rain  is  descendiog  like 
a  torrent.  Now  the  cloud  begins  to  melt  away,  its  blackness  ^adually  dis- 
appears, and  the  sun  again  shines  forth,  lighting  up  the  dripping  landscape 
with  a  vivid  radiance,  and  causing  even  the  smmest  wayside  weed  to  spaiue 
in  his  beams. 

The  dark  cloud  which  seemed  to  disappear  has,  however,  taken  a  different 
character,  and  becomes  a  Cumulus,  or  JPile-cloud — the  painter's  cloud,  of 
which  the  exquisite  modifications  are  now  before  us,  heightening  the  beauty  of 
the  heavens,  and  reflecting  a  silvery  light.   Observe  its  peculiarity  of  form,  ita 
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fleecy,  irregular,  and  fantastic  outline ;  no  two  doudB  belonging  to  thifl  drri- 
sion  are  alike,  and  yet  they  cannot  be  mistaken ;  they  often  resemble  rocks 
piled  on  rocks,  and  many  an  accurate  observer  of  Nature  has  been  surprised 
when,  journeying  for  the  first  time  through  a  comparatiTely  level  country, 


PnJB  CLOUD. 


he  has  seemed  to  see  a  line  of  hills  stretching  across  the  horizon,  .-with  ivoodf. 
and  glades,  and  broad  rivers  flowing  maiestioally  amid  Alpine  solitudes,  till 
lost  in  the  fax  distance.  Often,  too,  in  tne  calmness  of  a  surnxBer  evenin^r 
what  glorious  landscapes  appear  to  verge  on  the  horizon,  {Hresentiiig  liu 
aspect  of  inland  lakes  in  all  nieir  loveliness  and  repose,  and  mountains  tint 
reflect  the  hues  of  the  setting  sun ;  while  here  and  there  some  openiu 
among  the  hills  reveals  a  brighter  and  more  radiant  sc^Le,  flt  for  Mtg^l^ 
feet  to  tread — for  assuredly  its  brightness  is  such  as  earth  owns  not. 

A  very  peculiar  and  exquisite  modification  of  the  Cumulus  rises  before 
my  mental  view  at  the  present 
moment.  It  was  such  as  I  never 
before  witnessed,  though  an  ardent 
admirer  of  cloud  scenery  from  my 
childhood,  and  was  such  as  required 
a  combination  of  circumstances  in 
order  to  produce  a  full  effect. 
Summer  had  just  commenced,  the 
heavens  were  cloudless  towards  the 
zenith,  the  sun  was  high  without 
any  declination  of  his  beams,  and 
not  the  slightest  vapour  was  per- 
ceptible. It  was  delightful  to  be 
in  the  open  air;  and  having  left 
the.  house  to  admire  the  profusion 
of  roses  which  the  garden  presented, 
I  saw,  full  in  front,  a  magnificent 
range  of  ice-like  moimtains,  sharp 

and  angular,  and  of  the  most  daz-  ^       ^  j  vi. .  .        ^  i 

zling  whiteness*  apparently  about  half  a  mile  distant,  and  lifting  thdor  am  i 
p«aks  in  striking  contrast  to  the  azure  of  the  sky.      The   OlusioiL  ** ' 
perfect,  and  the  eflfeot  was  considerably  heightened  by  a.  sweep  of  noUf 
trees  and  bushes  on  the  right,  and  in  the  middle  distance,  aboTe  which  ^ 


TWAJN-CLODB. 
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mcnr-clad  peaks  of  the  seeming  ice  moimtains  were  conspicuous.  Thus 
ihey  continued  during  a  full  half-hour,  after  which  they  might  be  seen 
oumeying  along  the  horizon  westward,  kindling  towards  evening  in  the 
*ay8  of  the  setting  sun,  and  presenting  an  unspei^bly  glorious  assemblage 
)i  every  form  and  hue. 

Such  are  the  effects  produced  by  the  Sonder-heap,  or  File-cloud,  for  these 
ire  the  different  names  which  ^rsons  who  delight  in  noting  atrial  scenery 
»ive  to  this  beautiful  modification. 

The  nearest  resemblance  to  the  Pile-cloud  is  presented  by  the  Cumulo- 
(tratus,  or  Twain-cloud.  This  cloud  differs  somewhat  from  tne  one  already 
idseribed,  and  is  rarely  productive  of  those  strange  fantasies,  such  as 
Jhakespeare  took  notice  of  in  his  day : — 

*^  Sometime  we  see  a  clond  that's  drai^onish, 
A  yapour  sometime,  like  a  bear  or  hon." 

The  Twain  is  now  visible  on  the  horizon,,  oyer  yonder  range  of  hills. 
Che  base,  if  such  it  may  be  termed,  of  that  which  is  in  itself  baseless,  is 
QOfltly  level,  whilo  the  superstructure  either  overhangs  the  base  in  fleeoj 
votuberances,  or  else  assumes  a  mountainous  character,  resembling  in  this 
aspect  the  conformation  of  the  Heap-doud,  and  yet  differing  from  it  m 
isperior  altitude.  Two  elevations  of  equal  or  slightly  different  heights 
^uently  appear  as  if  united  by  a  drawbridge,  over  which  the  steps  of 
ielestial  messengers,  descending  towards  the  earth  on  errands  of  mercy, 
night  be  thought  to  pass.  And  again,  two  mountainous  clouds  seem  to 
ise  majesticaUy  from  a  single  base.  Long  ranges  also  often  rest  upon  the 
dlLs,  and,  when  thus  stationary,  they  generally  indicate  a  change  of  weather, 
did  as  frequently  recall  to  mind  the  beautiful  embodyings  of  tne  poeti — 

"  Pleasures  there  are. 
That  float  across  the  mind  like  summer  elouds 
Over  a  lake  at  eye.    Their  fleeting  hues 
The  trsreller  cannot  trace  with  memory's  eyea. 
But  he  remembers  well  how  fair  they  were, 
IIow  very  lovely." — HrRDis. 

High  in  heaven,  and  nearly  at  the  zenith,  appears  a  .modification  of  that 
legantly  curling  and  flcxuous  vapour  which  is  called  the  Curl-cloud,  and 


cxaBus,  oa  citbl-gloud. 


rhich  generally  occupies  the  upper  region  of  the  atmosphere,  where  it 
^oembles  innumerable  banners  floating  upon  a  li^ht  blue  sky.  The  Cuxil: 
tgyud,  varying  acoording  to  the  state  of  the  air,  indicates  rain  when,  after 
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a  long  oontmnance  of  ^e  weather,  it  becomes  a  fine  white  fleecy  lint 
stretcned  at  a  great  eleyation  across  the  sk^.  It  portends  a  gale  of  win< 
when,  floating  at  its  usual  lofty  elevation,  its  curling  and  feathery  train 
are  directed  to  the  same  quarter  of  the  heavens  for  some  days,  as  if  denotin| 
the  point  from  which  to  expect  the  coming  gale.  In  warm  and  variabl 
weather,  when  light  breezes  sport  among  the  clouds,  that  same  flexuou 
Tapour,  ramifying  athwart  the  blue  expanse  in  long  and  obliquely  descend 
ing  bands,  often  unites  distant  masses  of  clouds,  and  presents  an  extremel; 
beautiful  combination  of  aerial  imagery — most  welcome,  too,  for  the  Curl* 
cloud  often  predicts  soft  showers,  as  alreadv  mentioned ;  and  thus  in  senti 
ment,  if  not  exactly  in  words,  has  the  talented  historian  of  British  bird 
spoken  concerning  it : — 

''  But  on  some  day,  before  there  is  a  cloud  in  which  Hope  can  place  h& 
bow  and  limn  its  hues,  the  white  flag  of  Mercy  is  hung  out  in  tne  bighei 
heaven,  floating  with  easy  folds  from  the  south-west,  indicative  of  victoij 
over  the  desolating  east ;  and  as  the  day  declines,  little  clouds  flit  joyouslj 
on  ready  wings,  as  if  fetehing  the  pitehers  of  heaven  from  the  four  comen 
of  the  sky,  to  refresh  the  weary  earth  and  make  glad  all  thirsty  creatures. 
Truly  the  earth  rejoices ;  echoes  that  haunt  the  wood-side  soften  and  mellow 
the  tumultuous  sound  of  joy  that  is  heard  from  sealed  springs  when  leapng 
from  out  their  prisons ;  nay,  the  whole  creation  is  attuned  to  harmony,  evei 
as  an  instrument  of  music  by  a  skilful  hand ;  the  groves  are  in  song,  and 
that  not  onl^  by  day,  but  night,  for  the  nightingales  and  blackcaps,  wood- 
larks  and  Tnllow  wrens,  vie  with  one  another  in  producii^  the  sweetest 
melody ;  and  when  morning  dawns,  other  of  Nature's  choristers  carry  oi 
the  strain,  ceasing  not  though  thunders  are  abroad,  and  heavy  rain-dn^ 
patter  on  the  leaves  of  trees ;  or  if  they  cease  for  a  brief  space  of  tbwi. 
when  red  l^htning  flashes  through  the  woods,  they  presently  commeme 
again,  and  sing  blitiiely  all  the  livelong  day." 

Another  and  most  elegant  modification  is  the  Cirro-cumulus,  or  SoDda^ 
doud,  consisting  of  innumerable  small  and  well-defined  orbicular  cIoudN 
lying  separate  from  one  another,  and  yet  near.  Bloomfield  speaks  of  audi 
in  his  <*  Farmer's  Boy,  as  a 

"Beauteous  semblance  of  a  flock  at  rest/' 

And  when  the  moon  passes  in  her  fulness  among  them,  silvering  each  emJ 
cloud,  and  causing  it  to  stand  forth  as  if  in  mild  relief,  the  etf ect  i&  inAf 


SONDER-CLOUD. 


■eribably  lovely.    In  summer,  the  Bonder,  or  Separate  cloud,  generally  irf 
eates  mcreasing  heat,  attended  by  mild  rain  and  a  south  wind;  bnti 
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iter  it  oommoiily  precedes  the  breaking  up  of  hard  frost,  succeeded  by 
xy  and  wet  weather. 

Few  combinations  are  more  pleasing  to  the  eye ;  and  thus  elegantly  are 
)  thoughts  which  they  often  suggest  embodied  by  a  modem  poet : — 

"  Unclouded  was  the  deep  serene 
Of  heayen*B  dark  azure,  save  where  seen 

Around  tiie  moon  soft  fleeces  roll'd, 
Bright  with  the  livery  of  their  queen — 

The  snowy  flocks  of  Cynthia's  fold. 
One  might  helieye  on  such  a  night 

Good  angels  choose  that  silvery  car, 
To  watch,  with  looks  of  heavenlv  light, 

Their  mortal  charge  on  Earth'^s  pale  star." 

Frequently  unwelcome  is  the  Cirro-stratus,  or  Wane-cloud,  warning  of 
n  or  snow,  according  to  the  season  of  the  year.  This  cloud  is  distin- 
ished  by  its  flatness,  and  great  extension  in  proportion  to  its  height.    It  is 


WiLffB-CLOUD. 

vl  either  in  wavy  bars  «or  streaks,  or  small  rows  of  little  curved  clouds, 
it  uniformly  precede  storms ;  but  whether  stretched  athwart  the  heavens 
extended  and  vane-like  forms,  or  concentrated  as  wavy  bars  and  wedge- 
iped  streaks,  their  appearance  indicates  imgenial  weather.  Our  country 
^e,  who  know  nothing  concerning  the  systems  of  Howard,  Tester,  or 
esnel,  are  yet  well  acquainted  with  the  changing  forms  of  this  warning 
ud.  "  It  will  be  wet  to-morrow,"  they  often  say  when,  looking  towards 
)  heavens,  they  observe  the  Wane-cloud  on  the  horizon ;  and  you  seldom 
never  And  that  they  are  mistaken. 

<*  Wet  weather  seldom  hurts  the  most  unwise, 
So  plain  the  signs— such  profits  are  the  skies."— Yulqil. 

rhose  peculiar  re£ractions  of  the  solar  and  lunar  rays,  called  halos,  or 
ok  suns,  usually  appear  in  this  kind  of  cloud. 

**  Look!  when  the  moon  appears,  if  then  she  shrouds] 
Her  silver  crescent  in  long  waning  clouds, 
8he  bodes  a  tempest  in  the  raging  main. 
And  brews  for  fields  impetuous  c&uds  of  rain." 
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In  the  morning,  also,  if  a  Wane-doud  is  above  or  across  the  mm,  there  is 
uniformly  rain  before  the  evening. 

"  For  if  he  rite  unwilling  to  his  raoe, 
Clouds  on  hi»  brow,  and  lines  acroM  his  face ; 
Or  if  through  mists  he  shoohr  his  sullen  beams, 
Frugal  of  light,  in  loose  and  struggling  streams, 
Suspect  a  drizzling  day,  with  southern  rain. 
Hurtful  to  fruits  and  flocks,. and  promised  grain." — Yibgil. 

There  is  likewise  another  olottd,  of  which  the  ministiy  is  rather  beneficial 
to  the  earth  than  serving  to  heighten  the  beauty  of  the  heavens.  Tliis  is 
the  Nimbus,  or  Rain-cloud,  whim  is  more  frequently  a  deepening  of  shade 
in  the  Twain-cloud,  occasioned  by  its  increasing  density,  than  a  new  modifi- 
cation depending  upon  a  separate  change  of  form.  The  Curl  and  Pile-cloud 
may  increase  so  much  as  to  obscure  the  sky,  and  yet  pass  away  without 
melting  into  rain;  but  when  the  Twain-cloud,  losing  its  mountaiiMnu 
appearance,  concentrates,  and  assumes  a  sullen  aspect  that  yields  to  grey 
ooseurity,  it  becomes  evident  that  a  fresh  arrangement  has  taken  plaoe  in 
the  aqueous  particles :  the  Nimbus,  or  Kain-cloud,  is  then  formed,  and  rain 
begins  to  faU.  Silently  and  yet  sounding  descends  the  solemn  rain,  re- 
freshing the  parched  es^h,  and  causing  the  seeds  to  germinate ;  the  lieavens 
are  covered  with  clouds,  and  the  sun  no  longer  shines  forth ;  bat  as  in  li& 
the  most  gloomy  moments  pass  away,  and  are  suoeeeded  by  sneli  as  render 
the  heart  glad,  so  those  water-urns  of  the  firmament  poor  paih  tluir  con- 
tents, and  become  extinct,  leaving  the  firmament  unveiled  in  its  olesmess, 
or  else  varied  with  light  fieecy-looking  clouds. 

In  tropical  regions  Storm-clouds  are  singularly  diveraified;  bat,  wlieneyer 
seen,  they  possess  a  peculiarity  of  charaotor  by  iduoh  they  are  too  sureb 
identified  m  those  widely  extended  and   apporuitly  intenninable  plaiii 
which  pertain  to  the  interior  of  Afriea.    A  singike  ekmd  ia  freqaently  the 
precursor  of  tremendous  storms  ;  such,  also,  is  the  case  on  the  Asiatic  steppes 
and  deserts  ;  and  those  of  America,  which',  like  the  ocean  they  resemble,  fiD 
the  mind  with  feelings  of  infinity  and  thoughts  of  the  deepest  interest.    Ib 
each  of  those  wild  and  desolate  wastes,  where  no  ruin  recalls  the  memory  d 
earlier  inhabitants,    no  carved  stone  nor  fruit-tree,  once  the  care  ofi 
foi^tten  husbandman,  but  now  wild,  speaks  of  the  art  or  industzT  d 
former  generations.     Those  solitary  clouds,  uprising  from  the  niai^in.  of  Ik 
plain,  and  taking  their  place  on  nigh,  are  preceded  and  accompanied  1? 
indications  that  cannot  be  mistaken.     Humboldt  relates  that  when,  after  t| 
long  season  of   almost   intolerable    drought,    the  rainy  season   or  aoB^i 
tornado  is  at  hand,  the  deep  blue  of  the  hitherto  cloudless  sky  that  ava-i 
canopies  the  vast  prairies  of  South  America  gradually  becomes  lighter ;  Uj 
night  the  dark  space  in  the  constellation  of  the  Southern  Cross  is  hardhj 
distinguishable ;  the  soft  phosphorescent  light  of  the  Magellanic  clouds  fad^ 
away ;  and  some  of  the  largest  stars  alone  shine  witii  a  trembling  and  h- 
vivid  light.     Then  comes  the  warning  cloud,  at  first  appearing  small  as  J. 
man's  hand,  or  else  rising  like  a  mimic  mountain  perpenaicttlany  from  ^; 
horizon ;  vai)ours  succeed,  and  spread  over  the  sky,  and  loud  thimders  w! 
through  the  immensity  of  space ;  down  comes  a  torrent  of  sonorous  rain,  as 
presently  the  previously  barren  waste  begins  to  exhale  sweet  odours, 
innumerable  grasses  speedily  spring  from  out  the  earth.     Sensitive  plaJ^ 
unfold  their  leaves,  and  -svater-^anta  hold  their  mimic  cups  to  catdi  "^ 


] 

I 
I 
d 

rt 

80 

th 


TEKBESTSIAL  PHENOKENA  OP  TBS  MONTHS— JULY.  40t 

streaming  shower;  where  all  before  was  silent,  the  sonpff'of  innumerable 
birds  carol  forth  their  praises,  and  vast  herds  of  cattle,  with  flocks  of  sheep, 
and  troops  of  wild  horses,  graze,  in  the  fall  enjoyment  of  life,  amid  the  tall 
springing  grass  and  bushes,  whicL  seem  as  if  they  previously  had  no 
existence. 

Such  was  the  cloud  which  Elijah  saw  from  the  summit  of  Mount  Carmel 
— ^that  little  cloud  which  arose  from  out  the  sea,  apparently  of  no  importance, 
but  surely  indicating  the  approach  of  a  heavy  storm.  And  so  it  was ;  "for 
while  the  prophet  gave  directions  to  his  servant,  the  heavens  became  black 
with  clouds,  and  there  was  a  great  rain."* 

Voyagers  relate  that  off  the  coast  of  Africa  depressing  heat  and  apparent 
stagnation  in  the  atmosphere  often  precede  a  tumultuous  assemblage  of 
clouds,  which  gradually,  and  as  if  by  unanimous  consent,  hurry  towards  the 
east,  where  they  remain  stationary,  and  form  a  long  low  arch,  extending 
over  about  six  points  of  the  compass*  In  proportion  as  tbe  lower  edge  of  the 
arch  becomes  defined,  and  increases  in  intensity  of  darkness,  so  may  the 
rising  of  a  tornado  be  expected.  When  ihe  mla.  is  completed,  a  sudden 
squall  of  wind  bursts  forth,  and  woe  to  tbe  vessel  that  is  exposed  to  its 
fury,  if  every  timely  precaution  has  not  been  taken  to  insure  her  safety ! 
Again  all  is  still,  as  if  sea  and  sky  awaited  some  overwhelming  catastrophe ; 
but  this  is  of  short  duration.  The  unnatural  stillness  is  broken  by  a  solemn 
preparatory  note  of  distant  thunder,  accompanied  by  fitful  flashes  of 
Jughtning ;  to  this  succeed  loud  rattling  peals.  Imprisoned  winds  seem  to 
rush  through  the  low  dark  portals  of  that  awful  arch  ;  their  approach  levels 
all  distinctions  among  the  waves,  which  are  lashed  into  foam,  and  produce  a 
bewildering  mist  that  renders  every  object  indistinct.  Meanwhile,  rains 
descend  like  torrents,  and  the  hurricane  is  at  its  height. 

Clouds,  therefore,  are  messengers  to  man.  They  forewarn  the  husband- 
man and  the  sailor  of  coming  storms,  or  denote  pleasant  weather,  and 
awaken  thoughts  of  gladness  and  serenity.  Luther,  looking  out  from  his 
solitary  castle  in  the  middle  of  the  night,  thus  religiously  spoke  concerning 
them: — "Long  flights  of  clouds  sail  throughout  tne  great  vault  of 
immensi^ — ^they  are  voiceless,  huge,  and  take  all  forms.  Who  supports 
them  ?  None  ever  saw  the  pilfers  of  heaven,  yet  both  the  heavens  ana  their 
unnumbered  clouds  are  upheld.  (Jod  bears  them  up.  We  know  that  He  is 
great,  that  He  is  good,  and  we  learn  to  trust  where  we  cannot  see." 

"  Te  doudiL  fantutio&lly  nov 
Gracing  the  early  mormiig*8  brow. 

As  if  aEOL  artUt  s  hand, 
With  the  imagmintp  tbiat  fill'd  his  mind, 
Had  painted  with  the  pencil  of  the  wind 

Tonr  spirit-moymgl)tiid ; 

'*  Now  changed  by  fancy's  fitful  wing 
Int».w>  dark  and  atem  a' thing,. 

It  needs  mui t  weej;}  away, 
E^e  the  bright  smile  it  onoe  had  worn, 
While  dancing  on  tile  breath  of  mom, 

Betoms  to  gild  ila  way; 
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**  Now  driyen  by  an  unseen  host, 
From  cloud-land's  dark  and  stormy  coasts 

Into  a  feathery  spray, 
Itobed  in  a  snowy  garb  of  light ; 
Or,  rolling  on  in  power  and  might, 
To  crown  the  close  of  day; 

**  'Tis  e'en  your  battlements  sublime 
That  Beauty  calls  her  evening  shrine ; 

Or,  standing  empress  there, 
Waves  high  her  standard's  perfect  form, 
Till  all  the  warriors  of  the  storm 

Are  mingled  in  the  air. 

"  Now  Nature's  swiftly-rolling  car 
As,  travelling  from  star  to  star, 

She  holds  her  silent  reign ; 
Or  in  a  dark  and  living  tomb, 
Surrounding  in  its  murky  gloom 

The  sailor  on  the  main. 

«  Like  thoughts  of  the  departing  soul, 
Te  hang  upon  the  brilhant  goal 

Of  the  declining  day ; 
And  lending  glory  its  dei)th, 
While  yieliHng  its  departing  breath, 

Te  melt  in  light  away." 


CHAPTER  VIII. 

AUGUST. 


The  changes  of  the  seasons,  and  the  yarieties  of  temperature,  have  been 
explained.  The  manner  in  which  these  act  upon  vegetation  to  produce  the 
various  tints  of  the  autumnal  months  must  be  reserved  for  a  future  chapter, 
to  enable  us  to  notice,  in  its  proper  order,  the  sequel  to  the  chapter  ob 
Clouds.  Atssociated  with  the  remenibrance  of  their  fantastic  beauty  is  the 
majestic  grandeur  of  the  Thunder-storm.  Those  exquisite  vapour  wreatis, 
that  look  sometimes  like  snowy  garlands  to  decorate  tne  blue  tnumphal  aich 
of  heaven,  at  other  times  assume  a  darker  hue,  and  remind  us  of  the  contests 
of  the  angels,  which  the  sublimest  poet  has  described ;  for  those  mountainous 
heaps  of  vapour  grow  into  dark  rolling  masses,  such  as  might  be  imagined 
to  result  from  the  **  artillery  of  heaven;"  and  often,  too,  from  out  their 
murky  bosom,  flashes  a  streak  of  forked  fire,  dazzling,  and  sometimes  eveD 
destrojring,  the  sense  of  sight  with  its  brightness ;  and  then  the  ponderous 
thunder — whose  sound  has  been  compared  to  "the  rolling  of  the  chariot 
wheels  of  God  o*er  the  blue  floor  of  heaven  " — comes,  with  its  astounding 
vibration,  shaking  the  solid  earth,  and  startling  all  creation  with  fear. 

It  has  already  been  explained  that  clouds  are  composed  of  water  in  i 
vesicular  condition.  Each  of  the  vesicles  is  charged  with  electricity,  whidi 
it  has  derived  during  the  process  of  evaporation,  and  which  is  the  probaUe 
cause  that  this  pecuhar  state  of  water  which  is  discovered  in  the  clouds  htf 
any  decree  of  permanence.  The  repulsion  produced  by  the  vesicles  being 
cJ^ar^ed  with  the  same  kind  of  electrici^  is  believea  to  be  sufficient  to 
prevent  coalescence  between  th©  bladders  of  water  and  the  formation  of  raiii' 
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"It  is  probable,  moreover,"  says  Professor  Thompson,  "that  when  two 
currents  of  air  are  moving  different  ways,  the  friction  of  the  two  surfaces 
may  evolve  electricity ;  should  these  two  currents  be  of  different  tempera- 
tures, a  portion  of  the  vapour  which  they  always  contain  will  be  deposited ; 
and  the  electricity  evolved  will  be  taken  up  by  that  vapour,  and  will  cause 
it  to  assume  a  vesicular  state  constituting  a  cloud.  Some  clouds  are 
charged  with  vitreous,  others  with  resinous  electricity — ^that  is  to  say,  that 
they  may  be  either  positive  or  negative ;  and  when  two  masses  of  vapour 
thus  oppositely  charged  approach  each  other,  a  flash  of  lightning  passes 
from  one  to  the  other ;  and  the  discharge,  accompanied  by  a  tremendous 
report,  dissipates  the  electricity  which  was  necessary  to  the  maintenance  of 
the  vescuilar  condition  of  the  vapour,  and  rain-drops  are  immediately 
formed.  Hence  heavy  rain  invariably  accompanies  a  thunder-storm,  at  the 
same  time  that  it  diminishes  its  dangers.  The  discharges  of  electricity 
usuedly  take  place  between  different  strata  of  air  in  different  electric  con- 
ditions, or  between  clouds.  Rarely  a  cloud  charged  with  one  kind  of 
electricity  nears  the  earth,  which  is  in  an  opposite  condition,  and  then  the 
flash  is  from  the  earth  to  the  cloud,  or  more  commonly  from  the  cloud  to 
the  earth.     In  tiie  latter  case  a  **  thunder-bolt "  is  said  to  fall. 

When,  however,  an  electric  spark  passes  from  the  atmosphere  to  the  earth, 
no  material  or  substance  can  be  discovered;  and  the  descriptions  which 
have  been  published  of  so-called  "  thunder-bolts  "  are,  for  the  most  part, 
fabulous.  At  the  same  time  it  is  to  be  admitted  that  meteoric  stones  have 
fallen  from  the  sky,  accompanied  with  a  loud  noise  like  thunder ;  but  these 
are  of  an  entirely  different  nature  from  a  discharge  of  electricity,  and  are 
called  aerolites,  or  wandering  stars.  It  will  be  suf&cient  here  to  say  that 
they  are  composed  of  iron  in  a  high  state  of  purity,  presenting  marks  of 
recent  fusion,  and  have  been  supposed  to  be  portions  of  some  shattered 
planet,  whose  parts  are  still  revolving  round  the  sun  in  eccentric  orbits, 
approaching  that  of  the  earth  at  set  periods  so  nearly,  that  the  attraction  of 
4>ur  mass  is  suf&cient  to  drag  them  from  their  courses,  and  to  draw  them  to 
the  surface  of  our  planet. 

The  devastation  and  marks  of  violence  produced  by  a  discharge  of 
electricity  from  the  clouds  to  the  earth  suggested  to  our  ancestors  the  idea 
of  the  action  of  some  solid  body  sent  with  violence  against  ttie  objects  it 
shattered ;  but  with  the  progress  of  science  men  have  learned  tiiat  the  agent 
which  can  diiatter  a  tower,  demolish  a  spire.  Are  a  powder  magazine,  split 
looks,  rend  trees,  and  instantaneously  destrov  life,  with  scarcely  a  mark  to 
show  a  trace  of  its  operation^  is  an  imponderable  agent — ^that  is,  a  thing 
without  weight  or  substance,  only  manifesting  effects— lU^e  heat.  This  is 
;  'Cttlled  electricity,  because  it  was  found  that  phenomena  of  a  similar  character 
oan  be  produced  upon  a  small  scale  by  rubbing  amber  (called  electron  by  the 
.Greeks),  or  vitreous  or  resinous  substances.  This  relation  between  what  was 
r  called  electricity  and  the  nature  of  lightning  was  discovered  only  in  recent 
times  by  Benjamin  Franklin,  the  son  of  a  tallow-chandler,  and  a  printer's 
jApprentioe,  afterwards  Doctor  of  Laws,  Fellow  of  the  Royal  Society,  and 
.Minister  Plenipotentiary  from  the  United  States  of  America.  The  discovery 
i.  of  oxygen  was  owing  to  the  use  of  a  simple  bird  fountain ;  and  the  identity 
Jbetween  lightning  and  electricity  was  proved  by  a  schoolboy's  toy— a  kite. 
-Hence  let  us  learn,  en  j9a««an^,  that  no  station,  however  humble,  has  no 
^portanities  of  adding  to  human  knowledge;  and  that  no  instruments^ 
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boweyetr  insignificant,  are  to  be  thought  nselesB  in  onr  examination  of  Ihe 
heautiful  wond  around  us. 

Before  Franklin  suggested  his  remarkable  experiment,  it  had  been  demon- 
strated that  electnoity  is  attracted  by  points,  and,  if  highly  excited,  that  it 
discharges  itself  with  a  flash  and  report.  Moreover,  the  atmosphere  was 
known  to  be  susceptible  of  electrical  mfluenoes ;  and  it  was  urged  by  the 
philosopher  that  the  analogies  which  existed,  pointed,  at  the  least,  to  a  proba- 
bility that  lightning  was  a  discharge  of  electricity.  With  a  view  to  setde 
the  question,  he  made  the  following  experiment : — ^A  kite  was  made  with  a 
pointed  wire  fixed  to  the  stick  which  formed  its  centre,  and  this  was  eleyated 
in  the  air  during  a  thunder-storm ;  as  the  string  became  wetted,  and  aa 
formed  into  a  conductor  of  electricity,  vivid  sparks  and  sharp  reports  passed 
&om  the  lower  end  of  it,  and  no  longer  was  there  any  aoobt  but  tiist 
lightning  and  eleotzicity  were  identicaL 

The  noise  which  we  call  '<  thunder  "  is  usually  heard  after  a  discliarge  of 
electric  fluid  from  the  douds,  but  not  always.  If  the  clouds  approach 
bodies  having  a  great  number  of  points,  or  are  themselves  more  or  ks 
fringed,  a  broad  flash,  consisting  of  mnumerable  small  sparks,  may  be  seen, 
and  no  noise  will  follow.  To  perform  the  experiment  upon  a  small  sode, 
the  student  may  present  to  an  electrical  machme,  from  ^iduoh  large  sparb 
would  fly  to  the  Imuokle,  a  bunch  of  pointed  instruments,  such  as  darmng- 
needles ;  he  will  find  that  to  these  needles  the  electricity  will  stream  of 
almost  in  silence.  If  the  experiment  is  conducted  in  the  dark,  tlie  effeed 
will  be  very  evident.  Generally,  nevertheless,  thunder  accompanies  ii 
electric  discharge  from  the  clouds.  The  character  of  the  sound  is  vaiiahk: 
it  sometimes  resemblee  that  which  we  hear  when  a  single  cannon  is  fired ;  it 
other  times  it  is  a  rolling  noise,  like  that  produced  by  several  sntf 
gims  fired  quickly  one  after  another ;  and  sometimes,  again,  it  has  a  wMtf 
cracking  sound,  like  the  reports  of  a  number  of  rifles  fired  in  rapid  suoeei' 
sion.  The  physical  cause  of  the  detonation  is  not  well  understood;  iti 
probable,  however,  that  the  Hghtning,  owing  to  the  difficulty  with  whidiii 
passes  through  the  air — ^which  is  a  bad  conductor — ^raises  the  temperatoietf 
that  medium  to  an  extreme,  and  produces  a  sudden  expaxusion,  whioIii> 
followed  by  as  rapid  a  condensation.  Moreover,  an  alteration  of  the  co* 
position  of  the  air  takes  place  to  a  sH^t  extent,  nitric  and  nitrous  wok 
being  produced  hj  a  union  of  the  oxygen  with  the  nitrogen  of  the  air,  if 
consequence  of  which  further  condensation  takes  place.  From  these  o 
arises  so  violent  a  disturbance  of  the  air  that  violent  vibrations  follow,  - 
stituting  the  sound  of  thunder.  Various  reasons  have  been  assigned  for1fc| 
prolongation  of  the  sound,  but  none  of  them  appear  to  be  quite  satisfiutm 
alone ;  probably  all  of  the  causes  which  have  been  mentioned  oombme  i\ 
produce  the  lengthening  out  of  the  report.  It  was  formerly  supposed  tW 
the  rolling  noise  was  merely  a  succession  of  echoes,  or  of  reflected  wm 
falling  upon  the  ear  in  a  sucoession,  according  as  the  objects  reflecting  <ki{ 
undulations  were  near  or  distant.  Clouds,  mountains,  forests,  buildings,  ii  ( 
rocks  were  the  reflecting  agents  in  this  supposition,  which  was  fomdi^  t 
iipon  the  fact  that  the  noise  of  fire-arms  discharged  in  a  mountainous  d»  o 
triot  is  prolonged  by  echoes  during  at  least  half  a  minute,  or  about  the  tiii  t 
during  which  the  rolling  of  thimder  continues.  But  it  is  singular  that  ^  ii 
prolongation  of  the  sound  is  not  always  heard,  as  it  should  be  if  this  tW  ^ 
^ afforded  a  complete  explanation  of  its  cause;  on  the  contrary,  ^e  findlk^      ^1 
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when  the  heavens  are  Tmiformly  covered  with  clouds,  a  flash  of  lightning 
will  dart  from  the  zenith,  and  a  crash  of  thunder  follow  it,  without  prolonga- 
tion: within  a  few  minntes  of  the  first  discharge  a  second  discharge  may 
occur  in  the  same  part  of  the  sky,  and  yet  he  accompanied  hy  the  rolling 
prolongation.  From  this  it  would  appear  that  there  must  have  heen  some- 
thing different  in  the  character  of  the  two  discharges,  and  that  the  " roll" 
was  not  entirely  due  to  echoes.  These  peculiarities  may,  perhaps,  he 
explained  hy  remembering  how  the  different  sounds  produced  by  the  explo- 
sion of  gunpowder,  to  which  the  various  kinds  of  thunder  have  been  com- 
pared, are  created :  for  example,  as  the  firing  of  a  single  great  gun  produces 
a  quick  booming  sound,  so  the  short  crasning  kind  of  thunder  without 
prolongation  may  arise  from  a  great  but  a  single  electric  discharge ;  as  the 
firing  of  several  great  guns  in  succession  produces  a  rolling  sound,  the 
prolonged  roll  of  thunder  may,  perhaps,  arise  from  a  number  of  electrical 
discharges  either  following  each  other,  or  taking  place  at  once  at  different 
distances  from  the  ear.  Now,  it  has  been  observed  by  Dr.  Hooke  that  "  the 
flashes  of  lightning  are  simple  or  multiple ;  the  former  occupy  only  but  one 
smaU.  portion  of  space,  and  give  rise  to  an  instantaneous  report ;  the 
multiple  flash  takes  place  at  different  parts  of  one  long  line,"  and  a  number 
of  reports  come  in  the  order  of  distance  to  the  observer. 

The  flash  of  lightning  and  the  report  take  place  at  the  sai](Le  moment ;  but 
since  Bound  travels  at  the  rate  of  rather  more  than  eleven  hundred  feet  in  a 
second,  while  for  short  distances  the  passage  of  light  may  be  considered 
instantaneous,  it  follows  that  on  countmg  the  number  of  seconds  between 
the  flash  and  the  report,  the  distance  of  the  thunder-doud  may  be  ascer- 
tained in  feet  by  multipljnuDg  1,100  by  the  seconds  counted.  Thus,  if  five 
seconds  elapse  between  the  flash  of  the  lightning  and  the  first  sound  of  the 
thunder,  the  distance  of  that  discharge  would  be  1,100  x  5  =  5,500  feet,  or 
about  a  mile. 

An  opinion  exists  that  thunder  hasT)een  heard  when  the  sky  was  without 
a  cloud ;  but  Ihe  £act  cannot  be  said  to  rest  upon  good  authority.  In  some 
oases  the  subtearanean  sounds  which  precede  earthquakes  have  been  mis- 
taken for  thunder.  It  is,  however,  worthy  of  remark,  that  death  has 
occurred  from  the  passage  of  electricity  from  the  earth  to  strata  of  air,  when 
thunder-clouds  were  at  a  great  distance. 

Thunder  and  lightning  are  believed  not  to  occur  in  the  Arctic  or  Antarctic 
regions  beyond  tl^  seventy-fifth  degree  of  north  or  south  latitude ;  and 
even  as  low  as  the  seventieth  degree  these  phenomena  are  very  rare. 

Though  the  noise  of  thunder  is  very  awful,   it  cannot  be  considered 

dangerous.     The  real  danger  is  from  the  lightning,  which  has  a  tendency  to 

fly  off  from  the  overchar^d  clouds  towards  the  earth,  from  which  the 

electricity  has  passed  during  the  evaporation  of  water.    The  nearer  ike 

cdoud  to  the  earthy  the  more  likely  is  a  discharge  to  take  place ;  and  hence 

the  tops  of  mountains,  or  of  h^h  buildings,  are  most  frequently  the  poin<ts 

^  attraction  and  discharge.    Where  the  electric  discharge  has  the  oppor- 

jbinity  of  passing  to  the  earth  without  opposition,  or  along  a  conductor  of 

alectricity  (such  as  a  metallic  bar),  it  does  not  do  any  mischief;  on  the  con- 

t$yary,  where  the  object  through  which  it  seeks  a  passage  to  the  ground  is  an 

^nperfect  conductor,  it  is  always  more  or  less  shattered.     The  reverse  is 

Ij^BO  true;  for  if  the  electric  iliiid  seek  a  passage  from  the  earth  to  the 

Mouds  through  the  substance  of  a  high  building  composed  of  badly  conduct- 
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ing  materials,  equal  mischief  will  result.  To  obviate  these  dangers  it  is 
usual  to  attach  a  metal  rod  to  the  side  of  valuable  or  high  buildings,  in  sach 
a  manner  that  its  upper  end  shall  extend  to  some  distance  above  me  highest 
part  of  the  erection,  while  the  lower  end  is  carried  down  into  the  earth  for 
a  considerable  distajioe.  Experience  has  proved  that  pointed  rods,  contrived 
thus  to  facilitate  the  passage  of  the  lightning  to  the  earth,  protect  the 
buildings  with  which  they  are  connected,  by  producing  a  gradual  discharge 
from  the  thunder-clouds  passing  over  them.  They  should  extend  from 
twelve  to  thirty  feet  above  an  ordinary  house,  and  should  be  carefully  con- 
structed, to  secure  an  uninterrupted  passage  of  the  electric  fluid  to  the 
earth.  To  prevent  the  p<)ints  becoming  blunt  by  rust,  they  should  be  made 
of  copper  covered  with  gilding,  or  of  platinum ;  and  to  prevent  the  rod  from 
being  fused  by  the  heat  of  a  large  current,  it  should  be  made  of  such  a 
thickness  as  to  allow  a  large  stream  of  the  fluid  to  pass. 


CHAPTER    IX. 


8EPTE1LBEE. 


The  name  September  is  no  longer  appropriate  to  this,  the  ninth  montl 
of  the  year,  as  it  is  now  divided  by  European  nations,  since  the  term  is 
derived  from  the  Latin  septem  (seven),  and  the  termination  ber.  The  same 
inappropriateness  may  also  be  urged  against  Octo-ber,  Novem-ber,  and 
Decem-ber,  which  titles  severally  mean  the  eighth,  ninth,  and  tenth  months. 
The  Roman  year  originally  commenced  in  March,  and  the  names  of  all  the 
months  were  Latin  terms;  hence  the  old  lawyers,  who  wrote  in  Latin,  sup- 
posed that  the  year  commenced  as  in  the  Roman  calendar,  which  wo3d 
make  September  the  seventh  month.  Indeed,  the  **  legal  year"  was  not 
made  to  commence  on  the  1st  of  January  till  the  act  of  parliament  vas 
passed  for  the  alteration  of  the  style  of  chronology^in  1752. 

The  wheat  harvest  has  been  begun  and  is  neailyfinished  before  the  monft 
has  half  run  its  course ;  and  from  field  and  wayside,  wood  and  hilly  slope, 
there  steams  up  a  fragrance  like  the  incense  offered  by  the  grateful  earth  to 
heaven.  But  the  warning  tints  of  autumn  are  coming  on.  **  The  bright- 
leaved  walnut,  the  rough-foHaged  mulberry,  the  fingered  horse-chestnut,  a« 
nearly  bare ;  and  the  leaves  l£at  flutter  on  the  delicately-clothed  lime  and 
the  broad-handed  sycamore  are  few.  The  maple,  the  ash,  and  the  horn- 
beam assume  a  yellow  pall ;  while  the  cherry  and  the  dogwood  tree  aie 
dressed  in  glowing  red.  The  plane-tree,  with  its  angled  leaves,  and  tie 
hawthorn,  with  its  scissored  foliage,  are  tawny  in  their  autumn  dress ;  whik 
the  stalwart  elm  is  orange  in  its  mourning.  Nuts  hang  upon  the  boughs  fii 
gathering,  and  berries  crowd  upon  the  privet  and  blackberry ;  but  ^ 
nightingale  has  gone  from  the  woods,  and  the  swallow  has  left  the  solenfl 
avenues  in  their  stillness.  In  their  room  the  death's-head  moth  flaps  it* 
broad  slow  wings  over  the  grave  of  the  summer  time  ;  while  the  *  shaid- 
borne  beetle*  trumpets  a  low  requiem  in  the  chilly  air." 

In  a  former  article  some  information  was  given  about  the  electrical  dis- 
charges which  take  place  from  the  clouds.  When  rain  occurs,  accompanied 
hy  thunder  and  lightning,  the  phenomenon  is  called  a  <*  thunder-storm*' « 
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more  oommonly  "  a  storm."  But  this  term  is  variously  applied  in  different 
countries.  In  some  instances  a  violent  agitation  of  the  atmosphere  is  called 
a  storm  of  wind ;  and  we  have,  moreover,  "  haQ- storms,"  "  snow-storms,*' 
"  sand-storms,"  &c. 

It  has  been  explained  that  there  are  storms  of  regular  occurrence  in  many 
oountries  situated  in  the  torrid  zone,  called  monsoons,  simooms,  tornadoes, 
&c.  Of  these  it  is  unnecessary  to  speak  farther,  but  more  especially  to 
notice  the  phenomena  of  wind-storms  or  hurricanes,  which  occur  with  muck 
irregularity  in  various  warm  climates,  and  whose  effects,  diminished  in  in-; 
bensity,  we  not  unfrequently  feel  in  northern  latitudes  in  March,  and  towards 
lihe  hitbeT  part  of  September.  This  will  form  an  appropriate  sequel  to  the 
previous  article  on  "thunder-storms,"  or  storms  accompanied  by  electrical 

The  "  law  of  storms"  has  been  the  object  of  great  attention  during  the 
last  few  years;  or,  in  other  words,  great  efforts  have  been  made  to  discover 
tihe  circumstances  under  which  wind-storms,  or  hurricanes,  arise,  and  to 
>btain  observations  of  the  phenomena  which  they  present.  At  first  sight 
^ir  action  and  occurrence  appeared  irregular,  and  we  might  almost  say 
lapricious ;  but  the  laws  of  the  xmiverse  were  ordained  from  the  beginning, 
ind  nothing  can  be  accidental.  The  phenomena  which  seefn  the  most  irre- 
pilar  are  often  found  to  be,  in  fact,  the  very  reverse ;  and  "  exceptions," 
>ver  and  over  again,  "have  proved  the  law."  As  an  example  of  this  we 
night  note  how  the  aberrations  of  the  planets  at  first  appeared  to  disprove  ' 
ihe  Newtonian  theory,  but  were,  upon  examination,  found  to  show  that  gra- 
vitation was  a  universal  principle,  and  that  the  views  of  Newton  were  beau- 
ifully  confirmed  by  that  which  was  adduced  as  an  exception.  For  a  long 
Mrioa  the  law  of  storms  assumed  no  very  definite  form,  the  question  of  chief 
lifference  being  whether  wind-storms  or  hurricanes  were  direct  currents  or 
Aeat  whirlwinds.  It  is,  however,  now  generally  admitted  that,  though 
here  may  be  currents  of  air  passing  over  portions  of  the  earth's  surface  widi 
jreat  rapidity,  such  wind-storms  rarely  or  never  do  much  mischief,  or 
Asume  such  violent  characters  as  those  wind-storms  which  are  of  a  circular 
vrm,  or  whirlwinds.  "  The  general  phenomena  of  these  storms  will  be  un- 
Ifirstood  if  the  storm,  as  a  great  whirlwind,  be  represented  by  a  circle  whose 
entre  is  made  to  progress  along  a  curve,  the  ciroks  expanding  as  they  ad- 
tnoe  from  the  point  at  which  the  storm  b^ins  to  be  felt— the  rotetory  motion, 
1  the  northern  hemisphere,  being  in  the  contrary  direction  to  that  in  which 
de  hands  of  a  watch  go  round."*  In  the  southern  heomsphere  the  rotatory 
lotion  is  in  the  opposite  direction. 

It  appears  that  the  East  India  fleet  and  other  vessdls,  in  1809,  expe- 
ienoed  a  dreadful  storm  in  latitudes  near  the  Cape  of  Gtood,  Hope.  "  Some 
i  the  vessels  scudded  and  ran  in  the  storm  for  days ;  some,  by  lying-to,  got 
bnost  immediately  out  of  it ;  while  others,  by  taking  a  wrong  Erection, 
imit  into  the  heart  of  it,  foundered,  and  were  never  heard  of  more ;  others, 
f  sailing  right  across  the  calm  space  (in  the  centre  of  the  whirlwind),  met 
la  storm  in  different  parts  of  its  progress,  and  the  wind  blowing  in  opposite 
bections,  and  considered  and  s^ke  of  it  as  two  storms  which  they  had 
ftDonntered ;  while  others,  cruising  about  within  the  bend  of  the  curve, 

*  Iieut.-Col.  Beid's  Paper  read  to  the  Biituh  Aaeociation,  1838. 
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hat  beyond  the  circle  of  the  great  whirl,  escaped  the  storm  altogether."* 
To  explain  this  more  clearly,  let  ns  request  the  reader's  attention  to  the 
diagram.  Let  the  plane  surface  of  the  paper  represent  the  surfaoe  of  the  sea, 
and  a  line  through  A  1,  perpendicular  to  it,  represent  the  axis  of  a  whirl- 
wind, whose  north  and  south  diameter  is  represented  hj  the  line  N  S.  To 
tealize  this  idea,  place  the  point  of  a  pencU  on  the  point  A  1  ;  when  the 
pencil  is  held  in  a  vertical  position  it  represents  the  axis  of  the  storm's 
Biotion.    The  particles  of  the  air  are  supposed  to  revolve  in  the  direetioft 

indicated  by  the  order  of  the  letten 
NWSE;  the  axis  is,  moreover, 
supposed  to  have  a  proRressive  mo- 
tion from  A  1  through  l^".  Now,  it 
will  appear  that  since  at  N  a  tan- 
gent to  the  circle  lies  due  east  and 
west,  a  ship  at  that  point  would  ex- 
perience a  wind  blowing  from  tiie 
east  when  the  centre  of  the  stoni 
is  at  A  1 ;  and  that  the  wind  inl 
continue  to  blow  from  the  sane 
quarter  till  A  1  arrives  at  N ;  but 
after  that  period  the  wind  iriE 
appear  to  blow  in  the  opposite  (ff 
westerly  direction,  till  the  remalB* 
ing  portion  of  the  storm  has  passed 
over  that  point  N,  In  the  same 
sianner,  if  the  axis  of  the  storm  were  supposed  to  move  from  A  1  to  W,  itii 
plain  that  at  first  a  ship  at  the  latter  point  would  experience  a  north  wind, 
and  would  continue  to  do  so  till  the  axis  of  the  storm  had  passed  over  it. 
after  which  it  woidd  be  exposed  to  a  southerly  wind  in  the  second  half  of  tht 
storm.  Suppose,  however,  that  the  axis  of  the  whirlwind  progressed  firoa 
A  1  to  A  5,  and  that  the  storm  took  a  north-easterly  direction  instead  d 
a  course  due  north,  and  that,  moreover,  while  the  rotatory  motion  continued 
in  the  same  direction,  the  ship  remained  stationary  at  some  point,  as  M,  tiE 
the  storm  had  passed  over  it ;  then  the  line  of  direction  in  which  the  poiais 
of  the  whirlwind  successively  overtake  the  ship  being  M  1,  M  2,  M  3,  Mi 
M  5,  parallel  to  A  1,  A  5,  the  arcs  a  M  1,  o  M  1,  &c.,  will  indicate  ^ 
several  directions  in  which  the  wind  will  blow  upon  the  ship  during  tbf 
storm.  Or,  to  explain  this  in  more  popular  terms,  the  storm  passing  in  t 
north-easterly  direction  first  comes  to  tne  ship  at  M  1,  and  then  blows  froa 
the  south-east  in  the  direction  a  M  ;  when  tne  storm  has  passed  over  tk 
ship  till  it  occupies  the  position  represented  bv  M  2,  the  wind  beconci 
almost  due  east,  m  the  direction  represented  by  o  M  1 ;  when  the  storm  ^ 
advanced  still  farther,  and  the  ship  assumes  the  relative  position  of  M  3,  tk 
wind  becomes  north-east,  or  blows  in  the  direction  of  c  M  1 ;  the  wind  worf 
then  appear  to  veer  round  CTaduallv  to  due  north,  north-west  by  north,  Jfli^ 
at  M  4  would  blow  from  tne  nortn-west.  In  fact,  to  a  ship  at  the  poii' 
M  1,  over  which  a  hurricane,  whose  centre  was  successively  at  A  1,  Al 
A  3,  A  4,  and  A  5,  the  wind  would  blow  in  the  different  directions  indicati^ 
hy  ah  c  d  and  e» 


♦  ILed&eU'  &  ^^  O'Vji^intt^asyaa  ^ixi  Storms." 
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By  a  complete  knowledge  of  the  law  of  storms  the  experienced  ct^taiA 
ean  so  guide  his  vessel  as  to  avoid  the  storm  altogether,  or  to  keep  m  iU 
rear.  The  study  of  this  subject  is,  therefore,  essential  to  safety  in  navi- 
gation. 

Many  of  our  readers  will  have  observed  how,  in  calm  weather,  sand  and 
dost  are  carried  by  the  wind  with  a  whirlins^  motion  through  the  air,  and 
that,  on  the  approach  of  a  storm,  larger  whirlwinds  carry  up  sand  and  dust 
Into  the  air.  But  rotating  hurricanes  seldom  aopear  beyond  the  tropics^ 
tiiough  it  is  believed  that  all  our  violent  wind-storms  have  a  rotatoij 
motion.  The  devastations  occasioned  by  them  in  the  hotter  climates,  where 
sodden  condensations  of  vapour  give  rise  to  the  rushing  in  of  opposing  winds, 
and  thus  originate  whirlwinds,  are  truly  frightful.  Thus,  for  instance,  in 
the  memorable  tornado  which  desolated  Guadalou^  in  1847,  solidly-built 
bouses  were  torn  up,  and  their  parts  thrown  to  considerable  distances ;  can- 
nons were  hurled  from  the  top  of  the  parapets  of  the  batteries  on  which  they 
were  placed ;  and  it  is  related  that  a  plank  of  about  three  feet  in  length,  eight 
inches  in  breadth,  and  ten  lines  in  lliickness,  was  propelled  by  the  air  with 
sach  force  that  it  perforated  the  stem  of  a  palm-tree  seventeen  inches  in 
iiameter. 

It  has  been  observed  that  the  progressive  motion  of  whirlwinds  is  from  the 
equator  towards  the  poles ;  and  by  this  fact  the  observer  may  ascertain  his 
position  with  reference  to  the  storm.  This  fact  has  thrown  a  curious  light 
sqpon  the  question  of  the  nature  of  the  spots  on  the  sun,  which,  it  is  w^ 
hmown,  take  the  same  direction  from  his  equator  to  his  poles  as  our  earthly 
i^iirlwinds.  It  having  been  decided  that  tiie  luminosity  of  the  sun  depend 
ipon  his  atmosphere,  there  is  Httle  reason  tp  doubt  but  that  the  spots  are 
ie  centres  of  solar  hurricanes,  from  which  the  radiant  medium  is  thrown  by 
die  centrifugal  force  produced  by  the  rotatory  motion. 


CHAPTER  X. 


OCTOBEB. 

"  Grey  mists  at  mom  brood  o'er  the  earth, 
Shadowy  as  those  on  northern  seas : 
The  gossamer's  fihny  work  is  done, 
Like  a  web  hy  moonlight  fairies  spun, 
And  left  to  whiten  in  the  hreeze. 

**  Far  sails  the  thistle's  hoary  down ; 

All  summer  flowers  have  pass' d  away; 
This  is  the  appointed  time  for  seed, 
From  the  forest  oak  to  the  meanest  weed — 

A  time  of  gathering  and  decay." — Maky  Howitt. 

!^  The  summer  has  indeed  gone.  The  bright  tints  of  gay  flowers  have 
1ded,  and  the  motlev  garb  of  the  woods  spesis  only  of  maturity  and  deca^. 
be  leaf,  the  flower  (and  shall  we  not  add — ^man?),  each  serves  a  purpose  m 
le  world,  and,  having  more  or  less  perfectly  accomplished  it,  departs. 
,  lemn  thoughts  are  suggested  by  the  accession  of  autumn — the  falling  of 

r(  leaf,  the  mist-hung  scenery,  and  fading  vegetation ;   for  there  is  enough 
the  poetic  temperament  in  the  majority  to  apply  the  analogy  to  hnnuOL 
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Bfe,  "which  groweth  up  like  the  grass,  and  to-morrow  is  out  down  and 
wiliiered." 

The  swallows,  like  the  flighty  ambitions  of  our  yonth,  or  like  false  Mends, 
have  departed.  For  days  before  they  leave  us  they  may  be  seen  assemblng 
on  church  towers,  elevated  buildings,  or  willow  plantations  by  the  riv» 
sides.  At  first  a  few  only  perch,  and,  like  touters  for  steam-paolcets,  loud^ 
scream  that  the  company  will  start  from  that  particular  localify.  Presently, 
high  wheeling  above  our  heads,  we  may  see  a  thousand  of  their  feUowB, 
apparently  in  a  high  degree  of  excitement,  screaming  to  each  other  as  if 
tney  were  determined  to  enjoy  a  good  frolic  before  finally  leaving  the  plea- 
sant scene,  and  entering  upon  their  long  and  dangerous  journey.  Gbradna^, 
towards  sunset,  we  have  seen  them  come  down  flke  a  shower  of  birds,  and 
blacken  the  point  of  rendezvous,  where  they  rest  till  early  momin^y  where 
we  look  for  tnem  in  vain.  Indeed,  there  appears  something  mcigical  about 
their  disappearance;  for  upon  several  occasions  having  observed  tlueir 
assemblage  at  nightfall,  we  have  risen  with  the  grey  light  of  morning  to  see 
the  host  depart,  but  the  travellers  have  always  been  up  l^efore  the  btudl,  ami 
out  of  sight  before  we  reached  their  rendezvous. 

It  has  been  remarked  "  that  no  living  creatures  which  enliven  onr  land- 
scape by  their  presence  excite  a  stranger  ^mpathjr  in  the  lovers  of  Nature 
than  migratory  birds.  They  interest  the  imagination  by  that  peculiar 
instinct  which  is  to  them  chart  and  compass,  directing  their  flight  over  con- 
tinents and  oceans  to  that  one  small  spot  in  the  great  world  which  [N^atore 
has  prepared  for  their  reception — which  is  pilot  and  captain,  warning  them 
away,  calling  them  back,  and  conducting  uiem  in  safety  on  their  pcussage; 
that  degree  of  mystery  which  yet  hangs  over  their  motions,  notwithstanding 
the  anxious  perseverance  with  which  naturalists  have  investigated  the  | 
subject,  and  all  the  lively  and  beautiful  associations  of  their  cries  and  forms, 
and  habits  and  resorts.  When  we  think  for  a  moment  that  the  swallows, 
martins,  and  swifts  which  sport  in  our  summer  skies,  and  become  cohabit- 
ants of  our  houses,  will  presentiy  be  dwelling  in  the  heart  of  regions  which 
we  long  in  vain  to  know,  and  whither  our  travellers  toil  in  vain  to  pene- 
trate ;  that  they  will,  anon,  fix  their  nest  to  the  Chinese  pagoda,  the  Indian 
temple,  or  beneath  the  equator,  to  the  palm-thatched  eaves  of  the  African 
hut ;  that  the  small  birds  which  populate  our  summer  hedges  and  fields 
will  quickly  spread  themselves  over  the  regions  beyond  the  Pillars  of  Her- 
cules, and  the  wilds  of  the  Levant,  of  Greece,  and  Syria ;  that  the  thrush 
and  the  fieldfare,  which  share  our  winter,  wiU  pour  out  triumphant  music 
in  their  native  wastes,  in  the  sudden  summers  of  Scandinavia — ^we  cannot 
avoid  feeling  how  much  of  poetry  is  connected  with  these  wanderers  of  the 
earth  and  the  air." 

The  swallows  are  a  family  of  birds  living  upon  insects,  and  in  which  the 
powers  of  flight  attain  their  highest  development,  while  the  feet  are  com- 
paratively useless  for  the  purposes  of  locomotion.  It  occupies  different 
positions  in  various  classifications.  The  European  species  of  this  family  are 
the  "true  swift,"  the  "white-bellied  swift,"  the  "rock  martin,''^  the 
*'  rufous  swallow,"  the  "  martin,"  and  tiie  "  sand  martin."  The  true  swift, 
the  rufous  swallow,  the  martin,  and  the  sand  martin  visit  Britain  in  the 
summer  time ;  the  rest  rarely  or  never  come  to  our  shores.  In  the  true  swift 
the  leg  is  thickly  feathered  almost  to  the  claws,  and  all  the  four  toes  are 
directed  forwards.    It  will  be  seen  from  this  that  the  swift  cannot  perch 
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Upon  a  bough  or  take  hold  of  anything :  its  foot' is  in  the  same  predicament 
that  our  hands  would  be  if  tiie  thumb  were  removed*  This  beautifal 
creature  comes  to  this  country  early  in  May,  and  leaves  us  towards  the  end 
of  August.  It  comes  the  latest  and  departs  the  soonest  of  its  tribe.  It  is 
the  largest  of  the  swallows  which  visit  us ;  but  its  weight  is  exceedingly 
small  when  compared  with  its  extent  of  wing — ^the  former  being  scarcely  an 
ounce,  the  latter  nearly  eighteen  inches.  Owing  to  the  peculiar  conforma- 
tion of  the  feet  to  which  we  have  already  alluded,  and  which  are  smaller 
than  in  any  other  of  its  own  species,  it  walks  upon  the  ground  with  diffi- 

ulty,  and  finds  it  almost  impossible  to  rise,  because  its  feet  render  it  no 
assistance  in  springing,  and  its  wings  and  tail  are  so  long  as  to  beat  the 
earth,  and  thus  become  less  an  aid  than  an  impediment. 

We  remember,  a  few  summers  ago,  that  a  swift  having  been  caught  in  its 
nest,  was  placed  upon  a  grass-plat,  and  found  itself  quite  unable  to  escape. 
It  was  suspected  that  its  wings  had  been  injured,  or  fliat  some  violence  had 
been  done  to  it  in  its  capture ;   but,  upon  examination,  no  such  calamity 

ppeared  to  have  befallen  it ;  indeed,  while  the  question  was  being  discussed, 
the  swift  took  flight  from  the  hand  with  perfect  ease,  and  like  an  arrow 
darted  up  into  its  natural  element,  the  air.  It  was  remarkable  that  the 
nest,  which  was  within  reach  of  the  window,  was  not  forsaken  bv  the  bird, 
even  though  the  graceful  aeronaut  was  repeatedly  caught  at  night  in  its 
place  of  roost. 

The  swift  is  more  upon  the  wing  than  any  other  swallows,  and  its  flight 
is  more  rapid;  hence  its  name — "swift."  As  it  wings  its  graceful  course 
it  seems  to  announce  its  joyousness  by  a  screaming  of  peculiar  shrillness.  It 
rests  by  clinging  against  a  wall,  and  breeds  under  the  eaves  of  houses,  in 
steeples,  and  other  lofty  buildings,  where  it  constructs  its  nest  of  grasses  and 
feathers,  and  lays  two  long  white  eggs.  Its  colour  is  a  dark  glossy  black, 
the  chin  onlv  having  a  white  spot  upon  it.  It  was  a  popular  superstition 
at  one  period  that  tfiere  was  in  India  a  bird  which  had  no  feet,  lived  upon 
celestial  dew,  floated  perpetually  on  the  air,  and  performed  all  its  factions 
in  that  element.  Referring  to  this,  Mr.  Pennant  savs,  "  The  swift  actually 
performs  what  has  been  disproved  of  the  bird  oi  Paradise ;  except  the 
small  time  it  takes  in  sleeping,  and  what  it  devotes  to  incubation,  every 
other  action  is  performed  upon  the  wing."  The  materials  of  its  nest  it  collects 
either  as  they  are  carried  about  by  the  winds,  or  picks  them  from  the  sur- 
face of  the  ground.  Its  food  is  undeniably  the  insects  which  flU  the  air. 
Its  drink  is  taken  in  transient  sips  from  tne  water's  surface.  These  won- 
derful birds  rise  very  early  and  retire  to  roost  very  late,  remaining  in 
incessant  activity  during  the  long  summer  days.  A  pair  whose  motions  we 
observed  some  years  ago  were  on  the  wing,  on  more  tnan  one  occasion,  from 
a  UttJe  after  four  in  the  morning  tiU  nearly  nine  o'clock  at  night.  Those 
residing  in  a  particular  neighbourhood  seem  to  assemble  like  human  families 
before  bedtime,  and  shrilly  wish  each  other  **  Good  ni|;ht "  in  the  high  air, 
and  forthwith,  with  one  accord,  to  come  down  to  their  nests.  Great  powei 
of  sight  is,  of  course,  indispensable,  both  to  enable  the  bird  to  obtain  its  food 
and  to  insure  its  safety  in  its  rapid  flight ;  but  this  power  is  not  always 
sufficient  to  guard  it  against  accident.  Mr.  YarreU.  lelates  that  he  saw  a 
swift,  "on  eager  wing,"  dash  itseK  against  a  wall;  it  was  picked  up 
stunned,  and  died  almost  immediately  in  the  hands  of  the  observer.  In  its 
northward  career  its  visits  are  not  confined  to  England,  but  extend  to  the 
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whole  of  Euro^.  When  it  leaves  us  it  goes  to  the  northern  shores  of  Afiiea 
and  similar  latitudes.  It  has  been  seen  at  the  Cape  of  Good  Hope,  and  in 
Ihe  island  of  Madeira.  The  qualities  of  the  swift  are  thus  quaintly  summed 
up  in  the  Portraits  d*  Oyseaux : — 

<*  Le  Koutardier,  ou  bien  grand  Martinet, 
Est  a  Yoler  tres-leeer  et  forte  Tiate: 
MaU  BUT  la  terre  ilne  poee,  ny  riste. 
Car  7  estant,  sur  pleda  mobile  n  eat ' 

These  birds,  deriving  their  food,  as  they  do,  from  matters  floating  in  the 
atmosphere,  are  apt  to  catch  at  everything ;  and  in  the  island  of  Zante  the 
bo^s  avail  themselves  of  this  circumstance  to  fish  for  swallows  with  a  hook 
baited  with  a  feather,  and  are  related  to  have  caught  as  many  as  flye  or  dx 
dozen  per  day. 

Swins  and  swallows  are  the  inveterate  persecutors  of  hawks;  the  latter 
are  especially  active  in  attackinj^  such  predacious  intruders,  and  persevere 
as  long  as  the  opportunity  remains. 

In  connection  with  this  subject  it  will  be  appropriate  to  allude  to  the 
general  structure  of  birds,  and  to  point  out  the  chief  points  in  which  tfaey 
oiffer  from  other  creatures.  It  is  manifest  that  they  must  be  very  light, 
and  yet,  in  the  case  of  those  who  indulge  in  long  flights,  they  must  be  very 
strong.  Now  it  would  appear  that,  to  secure  great  strength,  large  muscles 
must  be  used ;  and  these,  to  be  efficient,  must  have  stroii|;  biones  to  support 
them,  as  points  of  attachment.  But  the  difficulty  arises,  how  can  this 
organization  be  combined  with  the  lightness  required  P  This,  which  might 
have  puzzled  any  human  architect,  is  achieved  by  the  Designer  of  the  bud. 
All  its  bones  are  hollow,  and  can  be  filled  with  hot  air  each  time  tib^e  bird 
breathes ;  its  body,  also,  is  small  in  proportion  to  the  extent  of  its  wings. 
The  coverii^  of  tnese  denizens  of  the  air  presents  every  variety  of  texture 
and  tint.  How  gorgeous  is  the  metallic  lustre  of  the  peacock,  the  kingfisher, 
or  the  humming-bbS !  how  rich  the  colours  of  the  parrot  or  the  fiamingo ! 

"  In  plumage  delicate  and  beautiful, 
Thick,  without  burden,  close  as  fishes'  scales, 
Or  loose  as  full-blown  poppies  in  the  breeze. 
With  wings  that  might  naTe  had  a  soul  within  them, 
They  bore  their  owners  with  so  sweet  enchantment." 

Birds  have  no  teeth,  yet  their  food,  in  many  cases,  is  of  such  a  character  as 
to  demand  mastication ;  but  teeth  woidd  have  been  a  very  heavy  piece  of 
machinery.  The  food,  when  obtained,  is  transferred  to  the  crop  or  craw, 
from  thence  to  a  membranous  bag,  where  it  is  soaked  in  a  kind  of  saliTS, 
and  then  is  conveyed  to  a  third  stomach,  where  the  process  of  dige8ti(m  is 
completed.  In  birds  which  feed  upon  grain,  the  sides  of  the  stomach  are  of 
considerable  thickness,  and  are  surroxmded  by  very  powerful  muscles. 
Here,  with  the  aid  of  small  stones  and  sand,  the  rood  is  ground  as  in  a  m^ 
instead  of  being  masticated  by  the  teeth ;  yet  comparatively  few  perstms 
know  that  the  gizzard,  or  stomach  of  the  fowl,  is  such  a  curious  piece  df 
machinery.    Our  space  here  does  not  permit  more  to  be  said  on  this  subject 
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CHAPTER  XI. 

XOYEMBEB. 

"  Hung  o'er  the  farthest  verge  of  heayen,  the  sun 
Scarce  spreads  through  ether  the  dejected  day ; 
Faint  are  his  gleams,  and  ineffectual  shoot 
His  struggling  rays,  in  horizontal  lines. 
Through  the  thick  air,  as  clothed  in  cloudy  storm, 
Weak,  wan,  and  broad,  he  skirts  the  southern  sky ; 
And  soon  descending  to  the  long  dark  night. 
Wide-shading  all  the  prostrate  world,  resigns. 
Kor  is  the  night  unwished;  while  yital  heat, 
Light,  life,  and  joy,  the  dubious  day  forsake. 
Meanwhile,  in  sable  cincture,  shadows  vast 
Deep-tinged  and  damp,  and  congregated  clouds, 
And^aU  the  yapoury  turbulence  of  heayen, 
Inyolye  the  face  of  things.    Thus  Winter  falls, 
A  heayy  gloom,  oppressive  o*er  the  world. 

Then  comes  the  Father  of  the  tempest  forth^ 
"Wrapped  in  black  glooms.    First,  joyless  rains  obscure 
Drive  through  the  mingling  skies  with  vapour  foul. 
Dash  on  the  mountain's  brow,  and  shake  me  woods, 
That  grumbling,  wave  below.    The  unsightly  plain 
Lies  a  brown  deluge,  as  the  low-bent  clouds 
Four  flood  on  flood ;  yet  unexhausted,  still 
Combine,  and,  deepening  into  night,  shut  up 
The  day's  fair  face."— Thomson. 

te  short  dark  days  and  the  cold  nights  tell  us  that  winter  has  oome  in 
train  of  the  yellow  autumn.  Plante  and  annuals  alike  seem  dull,  and 
ay  assume  the  aspect  of  death.  Hattling  hail  or  more  penetrating  sle^ 
UBS  pelting  pitilessly  into  the  face  of  the  poor  pedestrian,  or  hisses  down 
ohimney,  where  the  fire,  rendered  necessary  by  the  inclemency  of  the 
Mm,  flickers  before  the  family  circle.  Fax  away  in  the  country,  desola- 
t  seems  to  reign.  The  wind  comes  howling  and  mourning  oyer  the  heath, 
gnocks  the  leafless  boughs  of  the  trees  together  with  a  dismal  noise. 
iODre  has  changed  her  habit  of  joyful  green  for  a  robe  of  sombre  russet, 
j^tUke  songsters — all  saye  the  cheerful  robin — are  dumb. 
%d  fo^s  and  mists  of  October  and  l^oyember  are  the  terrestrial  pbeno- 
Mi  which  are  most  noticeable  in  our  climate,  and  which  are  a  kind  of 
iiach  to  us  in  the  eyes  of  foreigners,  liying  in  latitudes  where  the  tempe- 
HPB  does  not  usually  descend  so  low.  The  yapour  of  water,  when  oom- 
fij  taken  up  or  dissolyed  in  the  air,  is  inyisible ;  indeed,  the  atmosphere 
;  kardly  oyer  be  said  to  be  without  a  considerable  quantity  of  water 
oiyed  in  it.  At  buj  time  a  glass  containing  a  freezing  mixture  will  be 
id  to  condense  upon  its  sides  the  water  which  has  hitherto  existed  unseen 
tiie  surrounding  yapour.  If  you  obserye  the  doud  of  steam  from  a 
notiye,  as  it  dashes  on  its  iron  way,  you  will  ^rceiye  that  the  cloud  at 
i  is  yery  thick,  but  that  it  gradually  fedes,  till  at  last  it  *'  yanishes 
itiun  air."    The  yapour  of  water,  howeyer,  is  only  inyisible  when  the 
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air  is  of  as  high  a  temperature  as  itself ;  for  when  the  temperature  of  the 
air  heoomes  lower  than  the  point  at  which  water  can  preserve  its  yaporoiis 
form,  the  latter  becomes  visible,  and  forms  a  mist  or  a  fog. 

Water,  in  the  form  of  transparent  steam  or  vapour,  is  continually  rising 
into  the  atmosphere  at  all  usual  temperatures ;  even  at,  or  below  the  freezing 
point,  from  ice  and  snow,  evaporation  goes  on,  for  these  solid  substances 
gradually  disappear  without  becoming  Bquid  when  the  atmosphere  is  dry. 
Yet  heat  is  the  sole  cause  of  the  conversion  of  all  liquids  into  vapour,  and 
solids  into  liquids.  Ice  melts  at  the  fireside,  as  also  wax  and  taUow ;  the 
average  temperature  of  the  air  is  sufficiently  hot  to  keep  water  in  the  fluid 
condition,  but  it  is  cold  enough  to  freeze  wax,  tallow,  lead,  and  iron. 

The  quantity  of  vapour  given  off  by  water  is  (other  things  being  equal)  in 
exact  proportion,  therefore,  to  the  temperature  of  the  atmosphere ;  and 
hence  it  is  that  the  earth  soon  dries  in  summer,  while  the  surface  remains 
wet  for  a  long  while  in  winter.  Just  as  hot  water  will  dissolve  more  sugar 
than  the  same  quantity  of  cold,  so  heated  air  will  take  up  or  absorb  more 
water  than  cold  air.  Hence  there  is  more  water  in  the  air  in  summer  than 
in  winter,  and  in  hot  than  in  cold  climates.  But  some  one  niay  say,  "  The 
weather  is  very  damp  in  winter."  This  sense  of  damp  arises  rrom  the  feet 
that  the  vapour  of  water  is  in  the  act  of  condensation,  or,  in  other  woids, 
that  mist  or  rain  is  about  to  be  formed  on  account  of  the  coldness  of  the  air. 

So  completely  is  evaporation  related  by  temperature,  that  we  find  the 
quantity  of  vapour  in  the  air  diminishes  in  a  regular  proportion  from  the 
equator  to  the  poles.  This  will  appear  at  first  sight  contradictory,  inas- 
much as  it  asserts  that  the  atmosphere  contains  more  moisture  over  the 
great  African  desert  of  Zahara  than  over  the  fens  of  Lincolnshire.  Any 
expansion  of  the  air  is  accompanied  with  a  readiness  to  absorb  water.  If  a 
shallow  saucer,  containing  water,  be  placed  under  the  receiver  of  an  air- 
pump,  and  a  part  of  the  air  removed,  a  considerable  part  of  the  fluid  will 
rise  under  the  glass,  but  will  be  quite  invisible ;  but  if  the  outer  air  be 
suddenly  admitted,  the  internal  air  will  be  condensed,  and  the  moistoie 
which  it  had  taken  up  will  form  a  mist,  and  collect  like  dew  upon  the  dde6 
of  the  receiver.  As  the  quantity  of  vapour  which  the  air  will  contain  at 
any  time  is  limited  by  the  state  of  expansion  of  the  latter,  and  this  expan- 
«ion  always  depends  upon  heat  under  natural  circumstances,  we  ajce  only 
strengthened  in  our  view,  that  the  quantity  of  vapour  of  waiter  in  the  an 
is  regulated  entirely  by  temperature.  If  the  air  be  saturated  with  moistoie, 
the  abstraction  of  heat  will  make  it  contract  and  deposit  some  of  the  water 
as  vapour,  or  cloud,  or  dew,  or  rain,  in  proportion  as  the  reduction  of  tem- 
perature is  great  or  little,  gradual  or  sudden. 

In  so  changeable  a  climate  as  ours  there  is  a  frequent  tendency  to  deatiof 
the  transparency  of  the  air,  owing  to  the  causes  just  named,  and  our  atmo- 
sphere is  rarely  clear.  But  in  early  morning,  soon  after  sunrise,  if  there  hat 
been  a  heaty  dew  (which  means  that  the  moisture  of  the  air  has  bc^  pre- 
cipitated), before  the  sloping  rays  of  the  sun  have  had  power  to  raise  not 
vapours  Dy  evaporation,  the  air  may  often  be  discovered  perfectly  trsns- 
P|arent  even  at  this  season  of  the  year.  On  such  occasions  the  view  has  t 
singularly  beautiful  appearance,  owing  to  the  sharpness  of  tiie  outlines  d 
the  details  of  the  landscape. 

When  the  vapour  has  been  accumulated  in  a  great  quantity  in  the  aiii 
«uZ  a  sudden  andconaideca\Afi  xQdLUC^k»s\.Cki\eav3geTO.^  takes  plaoe,  %feg'^ 
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produced,  which  is,  in  fact,  a  cloud  too  heavy  to  float,  and  which  rests  upon 
the  earth.  The  London  fogs  are  proverbial;  but  in  all  large  towns, 
especially  those  in  which  manufactures  are  carried  on,  there  are  similar 
phenomena.  Their  peculiarity  consists  in  their  being  compounded  of  smoke 
and  vapour,  which  gives  them  greater  density  than  ordinary  mists,  and 
causes  them  to  feel  more  unpleasant  to  breathe.  At  these  times,  if  the 
observer  walks  a  few  miles  beyond  the  houses,  and  gains  the  summit  of  a 
hill,  he  will  find  the  sky  clear  and  the  air  transparent ;  while  in  the  house- 
crowded  vallev  lies  the  fog,  like  an  outspread  garment,  or  a  patch  of  snow, 
or  a  lake,  with  the  spires  and  chimneys,  and  here  and  there  the  housetops 
peeping  up  through  it  above  the  level. 

When  me  days  become  short,  and  the  rays  of  the  sun  have  very  little 
time  to  warm  the  earth,  the  surface  becomes  very  cold,  and  the  air  which  is 
in  contact  with  it  deposits  the  moisture  which  it  before  contained ;  thus 
arises  Dew  ; — 

"  Of  bloom  ethereal,  the  light-footed  dews." 

Dew  is  deposited,  in  the  form  of  minute  globules,  whenever  the  ground  is 
colder  than  the  air ;  but  upon  these  occasions  the  air  does  not  lose  its  trans- 
parency. Sometimes  the  air  contains  so  little  moisture  that  although  the 
earth  becomes  very  cold,  little  or  no  dew  is  deposited.  It  is,  moreover, 
rarely  deposited  in  any  considerable  degree  when  the  weather  is  windy  or 
the  sky  is  clouded.  It  is  more  plentiful  in  spring  and  autumn  than  in 
summer,  probably  owing  to  the  greater  difference  in  the  temperature 
between  the  day  and  night  in  the  two  former,  especially  autumn.  It  is  also 
more  copious  on  those  clear  and  calm  nights  which  often  occur  early  in 
November,  and  which  are  followed  by  misty  or  foggy  mornings ;  or  when  a 
clear  morning  succeeds  a  night  which  was  clouded  in  its  first  hours.  When 
the  clearness  and  stillness  of  the  atmosphere  are  the  same,  more  dew  is 
formed  between  midnight  and  sunrise  than  between  sunset  and  midnight. 
The  cause  of  this  is,  evidentiy,  that  during  the  former  part  of  the  night  the 
earth  had  not  so  completely  given  up  its  heat  as  it  has  during  the  hours 
after  midnight.  If,  however,  clouds  hang  in  the  sky,  the  heat  which  other- 
wise would  be  radiated  away  without  any  return,  is  reflected  back  again  to 
the  ground,  and  less  dew  is  then  to  be  found.  This  radiation  of  heat,  and 
the  production  of  cold  tiiereby,  are  the  subject  of  the  following  curious 
observations  by  Dr.  Wells,  wmch  are  not  inappropriate  here : — 

"I  had  often,"  he  says,  "in  the  pride  of  half-knowledge,  smiled  at  the 
means  frequentiy  employed  by  gardeners  to  protect  tender  plants  from  cold, 
as  it  appeared  to  me  impossible  tiiat  a  thin  mat,  or  any  such  flimsy  substance, 
could  prevent  them  from  attaining  the  temperature  of  the  atmosphere,  by 
which  alone  I  thought  them  liable  to  be  injured.  But  when  I  had  learned 
that  bodies  on  the  surface  of  the  earth  oecame,  duriag  a  still  and  serene 
night,  colder  than  the  atmosphere  by  radiating  their  heat  to  the  heavens,  I 

Serceived  immediately  a  just  reason  for  the  practice  which  I  had  before 
eemed  useless." 

Dew  forms  in  very  different  quantities  under  the  same  circumstances  upon 
different  materials — on  metals  sparingly,  because  they  radiate  heat  im- 
perfectly, but  upon  animal  substances  copiously,  because  they  part  with 
their  heat  mwe  rapidly.  And  in  conformity  with  the  theory  of  radia.tifis^c^ 
is  observable,  likewise,  that  whatever  dummalaft^  \5afe  ^'s^  ^"^  "^^  '^kj^'^^^ 
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seen  from  the  exposed  body,  occasions  a  less  deposit  of  dew  upon  U  thannpoa 
bodies  not  so  protected. 


CHAPTER  Xn. 


SECEMBEB. 

<*  The  old  tree  hath  an  olden  look ; 

The  lonesome  place  is  yet  more  dreary ; 
They  go  not  now,  the  young  and  old, 
Slow  wandering  on  by  wood  and  wold ; 
The  air  is  damp,  the  winds  are  cold, 

And  summer  paths  are  wet  and  weary." — ^Mabt  Howitt. 

Bbight,  dazzling,  frosty  days,  and  glorious  transparent  nights,  associated 
with  crackling  logs  on  the  glowing  hearths,  are  the  ideas  that  duster  roond 
the  memories  and  experiences  of  December.  Christmas  bolidays  to  the 
young,  home  reunions  and  merry  meetings,  seem  almost  essential  to  the 
realization  of  the  time.  It  is  called  the  depth  of  winter^  and  towards  the 
latter  part  of  the  month  the  lowest  temperature  of  the  year  is  experienced. 
At  the  beginning  of  the  month,  indeed,  there  is  sometimes  mild  weather,  if 
the  north  or  north-east  winds  do  not  prevail ;  and  we  remember  in  one 
instance  recently  to  haye  seen  a  jasmine  olossom,  on  a  sunny  aspect,  as  late 
as  the  4th  of  this  cold  month. 

The  trees  are  bare,  and  all  vegetation  seems  dead.  When  the  first  firosts 
set  in,  the  effects  of  the  cold  upon  growing  vegetation  are  most  singular.  A 
plant  which  was  green  the  day  before  is  white  with  frost  in  the  eany  morn- 
ing which  follows,  and  fades  into  a  dismal  black  as  soon  as  the  sunbeams 
b€^in  to  warm  the  frozen  branches,  and  melt  the  fringe  of  hoar-fix)st  which 
sparkles  upon  the  foliage  which  it  killed  while  it  adorned.  The  explanation 
is  not  dimcult,  for  we  find  an  analogy  in  the  experiences  of  animal  life. 
There  are  many  animals  which  bear  an  exposure,  for  a  considerable  time,  to 
severe  cold,  without  suffering  material  injury ;  and  these  same  creatures 
will  often  be  able  also  to  resist  the  injurious  effects  of  an  eqnal  extreme  of 
heat ;  but  if  they  be  suddenly  removed  from  the  cold  to  the  heat,  or  the 
reverse,  they  suffer  inflammation,  mortification,  and  death.  The  human 
subject  often,  from  severe  cold,  loses  sensation  in  parts  of  the  body ;  and 
these  are  precisely  in  a  similar  condition  to  the  parts  of  plants  under  the 
influence  of  frost.  The  vital  functions  are  suspended ;  the  blood,  like  the 
fluid  sap  in  the  plant,  ceases  to  flow ;  the  nerves  of  sensation  refuse  to  per- 
form their  office,  either  wholly  or  in  part.  If  such  a  part  of  the  body 
gradtially  passes  from  its  dead  condition  no  ill  effects  will  ensue  ;  but  if  an 
attempt  be  made,  by  the  injudicious  application  of  warmth,  to  promote  a 
sudden  reaction,  the  most  serious  results  may  follow.  In  slight  cases  chil- 
blains will  result ;  in  severe  instances  of  frost-bite,  mortification  and  deatL 
In  Arctic  regions  the  fingers,  toes,  ears,  and  noses  are  sometimes  frozen ;  but 
the  experience  of  the  inhabitants  of  such  regions  has  guided  them  to  the 
true  treatment  of  such  injuries — ^viz.,  to  rub  the  injured  parts  with  frozen 
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water  pounded,  or  with  snow.  This  might  be  quoted  in  favour  of  the 
doctrine  —  **  «mt7tb  similibua  curanturj**  but  is  quoted  to  show  how 
ejroerienoe  has  proved  the  benefit  of  preventing  sudden  reactions  from  the 
ef^ts  of  cold  in  the  human  body,  m  like  manner  experienoe  has  shown 
that  the  life  of  the  plant,  or  the  vitality  of  its  leaves,  may  be  preserved,  if, 
by  shielding  it  from  the  rays  of  the  sun,  a  sudden  reaction  is  prevented. 
For  this  reason  gardeners,  before  sunrise,  take  care  to  covei^  up  the  shrubs 
and  crops  they  wish  to  protect  when  an  earl^  and  unexpected  £rost  has 
"  bitten  them ;  for  they  say  "  the  sunshine  will  do  more  mischief  than  the 
frost." 

The  temperature  of  vegetation  is  above  that  of  the  atmosphere  in  winter, 
unless  the  plants  are  completely  frozen,  when  their  life  is  suspended  in  some 
cases,  in  otners  destroyed.  But  this  supply  of  vegetable  warmth  is  sufficient 
to  resist  cold  to  a  greater  extent  than  would  be  supposed ;  a  covering  of 
woollen  or  of  matting  being  found,  in  practice,  sufficient  to  preserve  plants 
from  injury  by  very  long  and  severe  frosts. 

When,  nevertheless,  a  succulent  plant,  the  cells  in  whose  stem  and  leaves 
are  filled  with  fiuid  sap,  is  so  situated  as  to  be  fully  under  the  infiuence  of 
freezing  air,  a  complete  death  of  the  plant  ensues.  I  have  before  explained 
that  when  water  is  cooled  to  within  about  ten  degrees  of  the  freezing  point 
it  ceases  to  contract,  and  that,  unlike  other  substances,  in  passing  from  a 
iioid  to  a  solid  state  it  expands  considerably.  The  sap  of  the  plant  consists 
for  the  most  part  of  water,  confined  in  the  passages  and  cells  of  tiie  tissue  in 
the  leaves  and  stem ;  and  this  fiuid,  when  frozen,  expands  and  lacerates  the 
vital  organs  so  as  totally  to  destroy  the  life  of  the  plant.  If  the  leaves  are 
placed  upon  the  hand  they  will  be  found  to  be  soft  and  pulpy,  as  if  tiiey  had 
been  boued ;  so  complete  has  been  the  destruction  of  tiie  minute  cells  of 
which  their  tissue  was  composed. 

Another  phenomenon  associated  with  the  advent  of  frost  was  long  the 
theme  of  superstitious  and  ignorant  wonder.  The  pedestrian  who  crosses  a 
meadow  in  the  middle  of  the  dav  after  a  frosty  night  will  see,  occasionally, 
the  print  of  footsteps  apparently  burned  into  the  sod.  The  giass  may  be  two 
or  three  inches  in  height  throughout  the  meadow,  but  where  these  mysterious 
footsteps  have  been,  the  herbf^e  seems  singed  or  seared  close  to  the  earth. 
J  before  people  knew  better,  and  while  religion  was  more  completely  in  liie 
fetters  of  unreasoning  superstition,  good  folks  were  wont  to  point  to  these 
footprints  as  the  physical  proofs  of  the  existence  and  personal  wanderings  of 
the  impersonation  of  evil.  But  the  **  old  wives*  tale"  fell  a  victim  to  the 
]>rogress  of  science,  which  discovered  how  these  mysterious  footprints  could 
at  will  be  produced  by  the  best  of  men,  if  they  walked  over  frozen  grass  in 
the  early  morning,  and  proved  that  the  supposed  Satanic  agency  was  quite 
unnecessary.  The  blades  of  the  grass,  heme  completely  frozen,  were  as 
brittie  as  tne  ice  which  filled  and  expanded  meir  cells,  and  consequently 
snapped  off  under  the  pressure  of  the  foot.  When  the  sun  rose  the  greater 
part  of  the  field  was  exposed  very  gradually  to  its  rays,  and  the  grass, 
therefore,  suffered  little  in  general ;  but  the  broken  blades  were  onfy  the 
more  completely  withered  and  blackened,  because  they  would  be  sheltered 
by  the  surrounding  herbage  till  the  sun  was  high  in  the  sky,  and  his  beams 
01  considerable  power. 

The  year  has  now  run  its  course,  and  the  succession  of  the  seasons  has 
been  accomplished.    The  earth  has  carried  us  through  the  immensity  of 
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space,  completely  rotmcL  the  great  Ituninaiy  on  whose  beams  days  and 
seasons  depend,  nnder  the  guidance  of  Him  **  who  set  the  stars  in  thefixma- 
ment,  and  gxiideth  the  wanderers  of  heaven." 

Our  literary  circle  of  phenomena  is  also  completed ;  and  we  lay  down  ottr 
pen  as  to  onr  readers  we  sigh — Farewell ! 

^  These,  as  they  change,  Ahnighty  Fadier,  these 
Are  but  the  varied  God.    The  rolling  year 
Is  full  of  Thee.    Forth  in  the  pleasing  spring 
Thy  beauty  walks,  thy  tenderness  and  love 
Wide  flush  the  fields :  the  softening  air  is  balm : 
Echo  the  mountains  round ;  the  forest  smiles; 
And  erery  sense,  and  eYetj  heart  is  joy. 
Then  comes  thy  gl<»y  in  the  gomnifir  months, 
With  light  and  heat  refulgent.    Then  thy  sun 
Shoots  full  perfection  through  the  swelling  year : 
And  oft  thy  voice  in  dreadftil  thunder  speaks ; 
And  oft  at  dawn,  deep  noon,  or  Mling  eve. 
Thy  beauty  shines  in  autumn  unconfined^ 
And  spreaos  a  common  feast  for  all  that  kvee/'—THOUfBOK. 
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